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PREFACE 


THIS BOOK sums up briefly the major facts of building 
acoiKt jes as we find them to-d«Vf and is intended for the use 
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. ^n;.> has always included art, ethics* tecliBicai ami 

ffoiiomie activities. A new era^smanship must add some- 
llimg of the awareness and alertness found among modem 
srienlisfs. A craft smanslr’p can contribute tO' the quality 
id the eivilimtion it serves. Autonomous science may 
destroy all eiviliMtion. A craft is rational rather than 
logical We, shall find in our subject instances in which the 
logic of one set of facts alone has not led to results generally 
useful, but Ims had to be related to the logic of another set' 
of facts. An example is worth noting. Concentration upon 
inicropboiiie technique and upon a limited theory of sound 
absorption led to unsatisfactory types of music recording 
studio. Iniproveraeiit followed upon a more adequate 
reiatiomliip which admitted the artistic preconceptions of 
the hiiiiian ear, together with a theory of absorption which 
iBcItidcd resoriancc-absorption : and this has had the effect 
of 'Wimking mnsic studios more like concert rooms. But to 
get at the miequuie reMmmhip needs discrimination ' in 
values. Therefore the eo-operation of educated architect 
and engineer, with a sense of perspective, is vital in technical • 
studies. Experience must be laid beside experiment. 

Again, in the ield ,of .sound insulation craftsmanship is 
rwjuimed for practiea,! reasons. Very careful work by. the 
various trades is necessary, because the unseen labours must 
be done as cnicieiitly as the seen. That means the building' 
opemtive must became a craftsman. But he will not be 
encouiaged in this on t.he rush job where the main object 
is to get on and get out. Therefore a social and economic 
factor must be .rttx^hecd.. A great ca.use of noise is the 
ehcip n^etmnieal ^e€|uipiiient produced in respon.se to bad 
economies which have eiilkted good brains. The remedy 
Is not only to ask for' knowledge from the scientist, but 
also to mk tm a fair price for good, work and for ,a 'skil in 
tie workman. 

Sometimas an wchitect is reward-ed in .a particular way 
by a Job. The client hm seen the need for a fair price, the 
tmsmm and crowd of young semi-trained vr0rkm,eii lm.vc '' 
eaughl m interest in the proWems .and in some, .'new 
p«M^es eareflily explain^. Someone ■ has said to' them' 

" Take your time and do a job that will last.’ Then knowledge 
has its etat, but also^ there is .found as the .work piweeds 
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a spirit, a What lias iyippNeiied is that the luiiiiaii 

faetor hm u: the seientiie and eeonomle : and the 
result is a biiililirig wilJh mtm indeflrmble quality, a home 
for hufiitin aeti\'ilies, a liwtie for the Hiirid. 


FiaNNIN€ ASn srXlECATiON" 



huiiciings where business is done on the telephone and where 
employees need some defeoee afainsl noise if eflkimt work 
is to done ; then assembly halls,, theatres, mmsie iwnis. 
Als0,,,.looMiig ahead, we must envisage more of m saeh 
»s the commiiriity eentie »nd villafe oollefe where many 
Kparate aeliFities go on at the same time, and amst lx* 





ill! of wliirli rsiii b;^ planned for k-ss rattier than 

lia tlic ILLlt.A* .JMernMive Pnjbkms in Dmign there are 
wliifli cm lie taken by s^tuctents as special acoustic 
bill all subjects ought to be planned to avoid noise 
ruisifiMifiicatioii tfiroiifh stnieture, through adjoining doors 
ami opi^osite windows. Just as messures are taken to provide 
Thus it is bad p!anrdng to putjor instance, 
liljrary or eomiiiittee rooms under a games rmm on m 
iiiifotiliiitd site and encounter the expense and uncertainty 
of when it could be avoided. 

lONIKG EEOULATIONS 

In Town and Country Planning legislation the 

priiicii'ile 1ms lieen recognized that noxious trades and 
inciuslries oiigit to be segregated, and it is usual in any 
Piaiiiiiiig Scheme to group them in , a * Special Industrial 
Eoiir.' But iiiost of the * Special Industries' specified as 
lioxious in the Ministry of Health's Model Clauses for Schemes 
mmmmke md smell fiTenfueirig. not noise producing. Noise 
oufiit to be recogniied as causing serious nuisance under 
cireiiiiistaBees liable to arise. In trades where sheet metal 
is ground, punched, or sswn ; in Joinery works using planing 
riiael:ira-s and circular saws ; in power stations 
out a fngh-pitehed brush scream, the noise may carry 
A ease in .North jLo.ndon occurred receniiy 
ill w^hieh a block of fiats standing immediately on the 
l»iiiidar>" lietweeii a residential and industrial zone became 
stTioiisly impaired as to living mnditionS" owing to factory 
iiciises just over the Ijoundary. If the fiats had been IW) 
yards tmek from the boundary^ the complaints would sot ' 
tiave oceiintd. Thfa specially ixmcenis sight worke,rs who 
have to sli?€p for a part of the day. 

But llifre exists a clause- is the WM Act by which a 
Plmaniiig Ah!r'-r^^y m a: p^^tend io.cmtfim #»f indmsiry to 
ike Spetkl ludmirml 2km which it thinks might be harmful 
to the residential or eommereml parts .of a town. Noise 
pKMliiriag trades and oectipations ought therefore to be ^alt 
with under that clause.. But mi pcaler awwsess^,^ the 
danger of noise Biiisanw is desirable.... The cosvefeep of 
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II to electric ciri%*'iiig |K>wer not iiieaii tliat it if ill 

be f|iiiet«;‘T. 

Fm^tr cmglii to be to I lie iiMliistrial m.mt 

and kept some way hark from the ' liomicliiry, Tliey lire 
aciiTe all iiiglit. 'Yet they are often fotiiiil mmr resiciciitial 

rjrD^)eriy. 

Mill: imiribtdimg eeMre^ work all iiiglit and have 'Iwavy 
traffic coming and gcang l^ot'h hy imd afici rail Tlie roati 
traik^ noise ran t*c!i;sidera?>Iy miweeci by means of fMieu- 
fiiatie tyres, mbter kerl» to the interiors of lorries, rubber 
fittings to chiirais,^, , or conversely ■ rubber gangway mats on 
the 'itiilimdiiig c|iiays ; byt coiiiplete sileiieing is im|>ossible. 
T1 i€ nn'loadiiif ■ quays ought not to .near residential 

property. 

I>irl TrmkM can be, and ought to be, conlrollecl iiiider 

a piaaaiftf scheme fsec elan^ of Ministry of Health Model 

Ct»tt;scs for mm in the pre;paration of schemes Dirt tracks 
I'trovicle evening prcgrannnes in which motor bicycles, having 
removed their silencers fur the .sake of greater [.fowt-r. eontcnd 
for the [nilm aixild shots, involving rallies and loiidl- 

speakers. A liceision in the High €oa.rl, Ch&necry Bivkioa* 
In 1§34 in respect of a dirt track, complained €«f by lieightours. 
result^ ill r^trictions which proMbilcd speedway 
for a large part of the year.^- Civic plmii»iiif a^inst ' noise 
in the ear!^’' sta^ges can prevent, ttot kind of deadlwfc. Town 
pla.aii€rs liave already iiottd timt € 0 mfmrcmi dnm are tess 
noisy tM,fi Industrial and that leereafiottal l»lts mm lie' 
iii|.er|M>sed. 'But school playgrounds must be noted as 
nnavoidalile sources of noise : .reerealioiml .areas are not 
necessarily qnlet. 

CmM' Airpmis, 'Extensive exercise of »Eiiif powers^ in 
■ .Wpect of rcsideiatkl bnildinp ought to aeeoinpany the 
decision on the siting of a new airport in order that hoases 
slmll not l» built near it. How near houses ran ailowcd 
iiiiist depend partly mi the prevailing wind. Aer&pkiecs 
make unavoidable noise taking off into the wind, and if this 
takes them over .houses at a low height noise ecmiplaints will 
. \ 

» Ltw Report. I.>ecern!x-r IS, IWi, r5?cc7-::beT 2S. 

said ‘ ht Uw ri.ade ly ::.^i iu-d 

mvmmmed an actkwialiie nuiiiwice to Ite plaiisliffsi. . . . Tlie mhe 
must be stoppeii'* 
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occur. TliiJi applies equally to schools, colleges, hospitals, 
riiirslng himm. Therefore the placing of a lion-residential 
belt piiiiiti an airfMjrt and especially towards the prevailing 
wind is iieei^mry.'^ 

SITE SELECTION AND NOISE 

Tmllir is iniich noisier on a hill and at cross roads where 
gear cliangirif is frequent. Examples are the priaeipal 
thoroughfares of the cities of "^Yinchester, Norwich and St. 
Allmiis. ^fariy incitor vehicles comply with noise regulations 
cm top gear but are very noisy on low gears. Motor buses 
noisy at |X>int.s adjoining stopping places, w^here they 
chaiifc gear. Tills means that some sites are unsuited for 
:soii:ie bullciiiigs. Council chambers, school classrooms, law^ 
■ttjurts, ought not ti> be planned on the noisy front. Coni- 
iiiilt.ee twins in towm hails and county halls always suffer 
from plmrined eonvertible into assembly rcK>ms and 

pla«!cd on main front. A laboratory may be rendered useless 
if galvanoineteis and other se^nsitive instru-. 

meiits, cannot Ite read owing to vibration. Sometime heavy 
liigbl timtfie finds m shorter route through a quiet r^idential 
area and destroys amenities. ' Therefore local authorities 
must bear in mind timt traffic regtilations in one area may 
have «iiiTOS results on adjoining areas. 

Ihe night worker who must try to sleep by day needs' 
eonskleration,® in hostels, in nurses’ homes, in wwking-class 
-imts, and m range of .wiiiiM^ttvely quiet rooms screened 
from ought to be envisaged. 

Fc 3T the above reasons, Ataietore, if it is a question of a 
choice of mrohilects and »rveyors wil do .well to warn 
their clients of the dangers and disabulties arfeiiig' 'from noise 
and vitwation. 


FLAHNINO OF FLATS 

The noise scurees hi order of 'uuisanee in i&ts are wirel^' 
sets, ic^s barking, slamming of 'itocu'S, 'footsteps overhead, 
iiileniailtar»t trnihe, refuse bins, vaiuiiiiii dmners, lifts and' 

* &» ftte A^temeiit Leafiie leaflet. No- 11. 

» Sc.' r.. IS. 
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Mssr xoixi 


r -.x iMnIrr niorii iioise^i^. iy*»iiktitii 

h . :.:,...>.'.r..i'A;,i’ desigii and h not mm'ly kit^ldmtul 

y. ■ we must think of fiat pins wirele.>> 

Blofks are planned L'xbipetl or extenflriL and iii»l 
cifi ei If Inset! eoiirts wlneh m noise ec^ntainrrs. Iliree* 
sided ld<M*ks or Z-sliafMxl bloeks iran give \aTieii 
so tiiat beci:R>oiiis can Im:* plarified on the qiiiti sifle. A 
liiiii M lo ph/i h^irmwi agmimi Imlrmmi #ii tk 

l»rlf and not Ix^diooni a;fEi!ist the iiviiig-roinii 

wit'll It- edr.-o:'.'--- set. This is an €*xa-mole of lio'W x-!:;:;!:;;::-': 


riMwi, as noise scitirees 


Since eficieiiit stnictaral s^jU'.d-eTovvnng i!::7'olv'ts iotliiif 
floors and doiiMe partitions it is obvious trial streoftli of 
stractiire eslcnlsted to cany only 4-iii. ioors and 2-in. sinfle 
pirtitions is insnffieient. In other w^ords, elBcieiit scmncl- 
ptrofiag means stronger strnetiife and soiiit small exta in 

^ flats In my opiriion mmt first in respect of f»lse be- 

e«ase tliey present, m a class, tlie ertrenM* ease in wiilefe speciilmtive 


are geoerally hmlt to sell first aiMi to afterwards. ' 1 Icr« i*lirg|i 


maintained bv aaotfier* fooiter rroni 'efiiipmeiil not iiisalated in tliC' 
bajjrRient. atxive all tlM? rwfi |oh ia wbiek n&m of tfat trades Imw 
lirr.f to rl"> tlu‘ir ■work pTOperty ; m the wfi^ie wcM-kiiowa eirem 
vf balMIng. is nwalt of tlwm* tlusgi wid a» 

anaiysls of noise coiaplaints to tlieiBv ■ TM “ eiiwi^ »iiit i» 
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totsl tieiflit to allow for lloor thicknesses. The tliicker the 
tlie less will they vibrate to the shiittiiig of distant 
iJ»rs* i¥m ilic of eomplete soinsd-proof:n_g of 

Ikts sff Chapter li.| 


CO.XTROt or AMFIIFICATION BY MANAGEMENT 

The eNteine eases of noise niiisaiiee occur when a wireless 
faa is seeking loreipi stations with a powerful set at night 
ill a , li vinf licljoiiiing a bedroom where another tenant 
is trying to slc^^p. , In tenants’ agreements a pious clause 
hiiiiling a tenant not to use his wireless ‘ unreasonably ’ 
is in praeliee found to be. quite useless*^ But such cases 
tm..niiOt c«eur when ■ the amplification is restricted by the 
Mansgement, or when ail loudspeakers are turned off at a 
eeiitiml svit.€^h at 11 o’clock. Also in eases where ioud- 
s|)eakers are owned by the Management, restriction of loud- 
ness coiiM be adapted to the insulating efficiency of floors 
and party ;p*rtitions: builder and wireless engineer could 
t:l«s work tofet.her. 

MIANINC or "■ TUEESnOLB , NOISE ’ 

* Threshold * is, .roughly spea.king, the fainitia.r noise of 
ordiimry affairs in a room, to which we grow accustomed and 
wliieh nmsks the i.nt,niding noises which me might consider 
a naisaiia. Koise m one thing, noise nuisance is another 
liec p. 15). Chtdinary threshold noise in residential build- 
i/jgld to not more than from 20 to 30 phons, under 
ideal conditions, but this is obviously on t.he low side : the 
mother of a laigc family can often le&.d a healthy ..and happy 
life ia an environment of Ml to '70 phons, while rich secluded 
persons, and those a prey to .nervous fears, will compMn 
of W to -10. We need only note here that a phon represents 
the miniiiium Increase of sound which the human ear can,' 
detect.* Hence annoyance amsed in a room by a pa.rtieular 
intruding noise through » wall or floor depends on the le'vel 
of noise already existing In the room itself. Btil m m f»icf 
&iie n temmi mag ki ikiurhd % m. mmk kss mmie, smd llcrc- 

* Sre p. IG. 

“ iA'?r <;T tmlls of wuniS « below p. C®. 
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pm ikf 4'iie $A^ * . rcfiaiV^* pruimri 

m^*rf fffifkffi, EoiigliH , '1% i- a liiirte?^riiMiiipt^*:i 

» litre a iiiglier ‘ llirestold rm1s 
«i !/ >.„■"? for <»■€ emu liitii |p 4iiie' 

liiiicispeakef sifici tiic^rcby entirely e«t out flie 
ef iit!it*rs. Some fM^'n^ris mn even work wio* 


liiirinf sleefi, and where sleep is impaireii I lie tifallli of 
iirlmii |»piilatioiis mUtm slowly but sitrely. 






Ill 'MiAtTICAL A( 

Lloyd urges that the living-room portioii be not less 
than 17 ft. by 16 ft. and bedroom portion not less than 
il ft. by ri !t. The baiHe eiipboards iniist reach the ceiling. 
Tlic lifts ti> be in sepimte brick shafts disconriecicd if possible 
from stniftiiral lloors, and both staircases and lifts trapped 
by lobbies and doors from corridor. The corridor to be, 
an open access balcony, not' enclosed, but iii'ust' 
ill any ease liaTc a solid, not a b>ard and batten floor. 

It niiist b* noted in tine case of large blocks that the star" 
A-hapid pirn irhirig acute angles between the various arms 
brings wiiidciws of tine inner rooms closely op|>osite each 



■other' witli :«>inrtf|)Oii;€tiaf noise and lack of primey : also 
'that' timfie iioiW' €»lcct«i hy the arins are noticeably in- 
tensified at th« inner windows. 

IMmrs, Alt the trouble taken about insulating partitions' 
’frill l» uselesi if iMn, Imdly-flttiiig doorS' with noisy latches 
come next each other, ifeors of one-room fiats 'must be^ 
spaced at a maximum eq'ual distance from each , other, or 
if in pmin then recessed and each with a little separate lobby. 
Next to loudsf^akers and lifts, the 'Shuttinf and snapping 
of MU dcKiK is often the 'inc^t eomplained-of noise.: they 
must stop against a good rubber button and must have quiet 
latelies. This is a really important item. Xoisu catches on 
doors of cupboards, bathrexsms, etc., are also a prime nuisance. 
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tins ANB M,£CIIAXICAL EQUIPMENT IN 


Also the proper of lifts md eifil'pm-'iil may %%vt 

serious eoiiiplairits. Ktch gocMl quiet lifts triiii to mn newsy 
at llmrs* mid if there ai^ iMfi party partitions al! dmwn the 
shaft, liHid rwiises may ht traasmittecL If lift usolor, ainl 
eiiiitrol toaitl. st the of the sliaft ntiise risk is 

ironside rably less kit ex|M‘'n.se is more, if nwitiir is at top 
of shaft Iheii it must ml be .belted to structure but liiiist 



ciccelleal' silcBt lift, doors on the .inarket. The €,liesp skm 
gate IS a prime cause of co'inplalol. Lift shafts willi stair- 
cases ought to Im? pkisBed so as to he well Irmppeti 



iri frame buildings, must not be ftx€*ci at stanehioiis 
or lwlted to eontinuous flexors, so ms to lx wholly at one witli 
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SOCIO-ACOUSTICS OF WORKING -CLASS FLATS 

III England, is in other eountries, woTking-elass, families 
wllti few ehlMireri can adapt themselves to flat life where 
isennies^s to work aiid other inducements exist. Tfm j&b &j 
the ^^sigmr is to see tkM living canditmris are not in fact t»- 
■pmired. There are two. vital problems — the child and the 
night worker. The flat ought .to be a home.^ Therefore 
babies and young chiMre.n must be .envi.saged and the}^ need 
to sleep for an liour or tw^o by day and not cause toO' .much 
noise to neighbours at ordinary times. And in the sa.ine 
flat, often.,, there is the night worker, a lodger, trying to 
sleep. 'Yet the noise problem must be seen in its stringent 
relatioES.hl|>s. Where low rents depend on cheap building, 
extra ex'pensc must eventually take away from proper 
expenditure on food. Yet better quality homes for workers 
would pay for themselves after a term of yea.rs. 

The menace of bed bugs makes it imperative to have 
slrecture wfei,€h will not move slightly and cause eraeks m 
firdsliiDg materials.* Therefore partitions ought to weigh 
at least 40 lb. per square foot. An adva.ntage in the ordi.nsry 
foiir^.i 0 or Mock without lifts is that brick pa,rty walls., and 
also liriek partition walls, can be carried up from foundations 
a iic! solid structure ensured. 

In the phnnitig of teorkiiig-clms fists it is .equally Im- 
portant not to put living-room against bed,room on the party 
wall. Avoid small ‘eourt.s and wells which act as noise .con- 
Also, the type of three bedroom or * maisonette * 
plan which gives two floors to a flat is thoroughly dangerous 
for the rea-sons given above, p. 7. Also the principal bed- 

* Vaenee experience seeRiato rei®fk>rce tLe argument against Sate. 
L'Cndon 'll. ‘.irking pt-ople \vith c-hlldrea, who 'Come out of flats, expiesi a 
for the Louses with backyards they 0€«2ti.pirf. . 

- Note on bugs. The theon* of bugs is not generally imdcrstcMA 
Siaee tap mm^h tte'«w^l’res*’c»ily, oa feuniau Slood, it' fe u^ie» to 
reeommrBii materials such as gla^, silk, etc., which' ‘ hugs wiil not eat.* 
The only relevant <^nsideFatioii is the possibility of cracks opeBiag in 
stnirtuntS' and flnishes wfe,ich will provide harbourage for bugs.. . In 
such cracks they mill remain unfed and quiescent for months 'waitii^ 
for the ineoiiu.iig tenant. Therefore any light partition liable' to eraefe,, 
or any Joint at skirtings, is as dangerous as the presence of 
scfl maleriais used for sound-proofing. And if such mateimfe mm 
|:.?rii|>eriy 8 «^alecl off they an,* not in tlS^mselves sourc*es of attraelilo©,' 
aiid will rtol necessarily increase the danger. 
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riK>iBs oiigtit !«■> he iniimml ewbt tmm uetms Tie 

ty{5e of pairtitioii illiist, rated in the Minktry of Ifetlli rejMrt 
Is given in Fif, In fsec sl^ p, -Ml), 

Tlie fii«Kt difficult noise prolileni in wcirkiiif-clssi 
Hals h tliiit of iloors, owing to Impiet Tlie IJcfiart- 

iiieiitm! C'oniiniltee of the Minktiy*' of Ilemltii in Ilieir t%mi 
Mepf*Ff mi Cmmlmdmm ftf Ffarf# f&r ihg IVmtkmg €&####. liiT, 
recoiiiiiieiicl a standard niiriliiinm of defence for iMtrt}* walls 
iM'lwceii iats of ‘ ati 8|4ii.. wall lM)t}i sides 
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F’ig. — Fartilkms for Worklsf-elas* Flats. 

50 : or its e€|iiivaleiil \ For iwrs tlie Refwl dcM*s not 

make ncmmemd^iims, owing to tfee teetinieal diffienlties of 
tlic subject, but it makes. ’ some Apart from 

‘ iaokiiig effects ’ ^ the ' ioor whieii niiglit be regaftifd *s a 
standard * is one gives, for blows ef»rrc<»?oofl!R!r to ht*vf 
footfalls, a degree of cpietaess abjut 15 to vhci..- r 

to a bare eonerete floor’’': and a o: l'-j to ;■>) 
very acceptable ’ and mm be. obtalacd with a ' flc»tl»g ic»r 
finlsli in corijiunction with an .insulated eeiling Tbe floors 
siifgestcd as siiltabk for workiiig-class flats arc noted telow, 
^ .See befow, p. 



II 


I* 11 C’ T I C A L A e O i: S T I c s 


p, II. In niy own opinion since cheap striietiira! floors are 
HHclchS against footsteps, e%*en a gain of 8 to 10 phons 
i-. m'orlli while. Aa extra thickness of stnietural floor will not 
of itseif increase effieleacy against noise except indirectly 
in far as il iacreiises rigidity and weight of total structure. 
It IS foiiiKl ill pmetiee that owing to tliin floors it is 
rmi to carry the v“-,i:r.i!-proof.r.g elements. Thc^ 

pn>blerfi is acute, liec^aiise in wc*rkmen's the close car- 
luting of rooms, as part of the tenant's agreement, is not 
clesIraMe. But some cushioning finish ‘to a floor 
is a help, but it must l:>e reasonably hygienic. A thick 
ilTOleiiri:i kid in a mastic on the cement sereeding or rubber 
liitex c€*n"if!it tlooring, is hygienic and is less noisy against 
siiisll impacts than a magnesite type composition floor or a 
w’ood bloc'k floor. Some recent practical t€*sts have shown 
that the probletii can be tackled by allocating some extra cost 
for a ioatinf flcMir under living-room and principal bedroom 
in each flat. An extm four inches in the total thickness 
dlimcnsitm of the .floor for first, second, thi,rd a,nd fourth 
floors is then .necessary, and will slightly increase the total 
eiibc of tie biii.idin.g. 

Fof' examples of floor design, see below. Chapter IL 

LifiB ill working-class flats are controversial, yet .are 
likely to increase m localities wrhere tenants ea.n educate" 
thedr eliiMren i.ii .their use. A lift can serve as many as 
sixty flats and still be an amenity of real value. To quote 
from ‘ Housing Mai.ia,ger ' writing in the Fhwnix for December 
imr: 

^ The ifMpctiois and maintenance service, with ce^rtain ' safety. 
cic%iccs, readers the lifts as mfe m it is humanly possible to make 
tliem. "Rielf iiiis««r is iM>t Mmgemus to life or limb, hut merely 
wastelhl of current, Every tenant who wishes for one. Is given 
latch key which will only the outer lift door when the lift 
ifi at tt»t flwr, to which It has I^n summoned by a push button.. 
It is self-operative in the usual auloemtic way. Children under 
sixteen aw not allowed the use of this' key, and it' is liable to 
forfeited if fouiid in their |»ssesslon ; they are, of course, allowed 
to enttr with their parents. At irst, with the ingenuity' and' 
vtmmtm wbieh is, appareutly, bom into London chidrea, 'they' 
fotiad their way in uiifaiilngly by fair lumas or foul.' . ' . . After 
mor..th CT two this pritMeular .^ame was., however, more or lesS' 
... 

I ne use of the lifts by the lame, the oM, thc« with 
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w Viik iic'jrlA, ifi4 llicise w'lio are sliort. of breatli, m'tll a*? I/> Up ^ 4 
lootlier^ mitli a baby ao4 a Immy slwppinix ciil:ri4>' 

jiHtitk.-, ctw'topfer, tlici? installalioii, mlm-tt it ran Ik dsiBr at 
•in ailditk»iwl cint of !i«>l 'piore than 4sii. to ^1^1. a wrrk |'4T 
I’o :tciik‘vc* tlii% m an even lower h m fiiatter i»C 
lilanniiii^, and woniil api^^ar to involve ilie %im* of tHMimuum 
a|ipfciaeti balctjnien m t,liat a riiiiiilM*r of ilat^ rsiiiy b/ 

Mfrwii liv tiMf same lift.’ 

I have thc^ Mfli.ly priietical ;. ^ L> 

they give data tci a cle-sipier. ily| e«|imiry iiniKirtaiif tlie 
tbllowifig paragTiipli : 


* 'lie Itave feanci it Bihimhle to limi off lltc^ mrmmt at 9 o'dock 
ifi tile eveiilipi^, by wlikii tinm even tli€» latest Satajtiay eveai»|? 
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;pfiipte» fScc Walter i'. Seifc, 1851.) It is alsO' necessary to take 
info aeccwut llif eiremnstaiim and ciiaraeter of the lomlitj in 
wliicli.lisc TOinpkiasmt k living. The making or causing of such 
a Boise as iimteTially interferes with the comfort of a neigh'tour 
wliea Judged bf tht* itandarci to which I have just 'refe:rred coii- 
itJtiito an aetioaaliie mmimnet, and it m no answ'er to say tliat 
lilt Ixsl-kiifiwri means have been taken to reduce or pre\'ent the 
iic>i}j*e «ciplaliie<! of, or that the cause of the iiuisaiice is the 
tmnim of a hosiness or trade in a proper manner.’ ^ 

ill prcMiiidiig evideiiee as to interference with comfort 
tlie mtuftmee should be first noted of loss of sleep. Also 
tcomtic experts are agreed that if noise is irregular anti 
iiteriBlItent^ such as the barking of dogs, it is difficult to 
get used to it, and it is therefore more likely to interfere 
with comfort. A minor but useful point is the proper hearing 
of tdephorie con venation : since telephone loudness is 
drsifneci for eomfortable conditions inability to hear on the 
teleplione is CAiclenee of intrusive noise above a perniissilile 
level. The courts have granted injunctions restraining the 
rin^ng of church bells, the noise from an hotel kitchen, 
sip^ng, holdinf noisy entertainments and bringing together' 
clisordt'rly CK>wis, using a steam organ in ^connection with 
» merry-go-round, maiing an exee^ive noise in carrying on ' 
a l»ie, and testing aeroplanes in a residential neighbour- 
lood. See also the restrictions imposed upon t,he ina.nage- 
inent of a dirt track quoted above, page 5. The Court will 
not interfere with building operations conducted in a reason- 
able 'Hmniier,: but. noisy operations such a's pile driving have 
twc'ii lestricled to the iicMirs of davA 

In regard to loudspeakers and gramophones the Home 
Office lius pared a model bye-law^ dealing with nuimnee 
fsased by these instruments. ' In districts where this bye-law 
lias twen adopted the police can take action on the 'complaint 
of thw i^rsons. It is found in blocks of iats that the 
ordinary clause in the 'teiiant’s agreement that' the tenant' 

‘ shall cause no unrea'Sonable noise ’ is difficult to uphold 
ill the «>itrts, if earn plaints should be made because of .the 
lack of well-defined standards. ■ But if the ma'nagenient wish 
|0 fasure real quiet in.wpeet'of dogs, wirele&s or gramo- 

* Stmiiw, IL G., * Tlie Haw Kofee in Sikmdng a S&mtf WmM, 
Py Hy It'd t>% the Nime Abateojesit League. Iftiiv 

^ ii. G., iMd, ' ' 




fereiiee cine to upoii workers iiiereasetf vvi:ii rise tliillcislt ^ 
of tlie t-ask ami the amotiol of eimeeiitmtloii iieeci«L My 
own riew is that it is in eclyratioiml wwk of all kinds in 
citi'C^s tliiit. noise causes iiietficiencv. The pfwess of Ieariiliig» 
of relating the new fact to the known fact, is really a €»n- 
t€*ii'iplative process, am! the effect of inlriisire, irrepilar 
noise is that of a series of su'beoriseions calls to art ton, eaeli 
separately to- resisletl if coneentratiofi is to he iiialataiaccl. 
A'Iso the teaf?h€*,r knows well tte added fatigue of rakinf his 
voice at a cTitieal |)oint in a presentation in ordfT to ciromMi 
oat the passing motor bicycle or gear-cliaiifinf 'has, 

* Davis. A. II. « XmiM, p. el W^lls. k i/®. 

* " IVo Stiiiliesaii file rsyeb«»l«'^W'-al Klftt'to of XMStf.'' I. By K, C. 

■Fotlock ami F. i,'. Bjirtfctt. ' $. By li. C. Westi«i a»ti S. Aflaiais. la- 
iwliial Healtli iie8e,a,reli Stationery CMef. »ri. 

* IiMliwtfia! llettlili 'Ee^fcfe B»id, mp. e*i. 
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Blit if w'a.s owing to their eonTictioii that: mm xcm 
dmiihi amiribuimg to ili-healih that caused Lord Horder 
and soine oilier humane physicians and citizens to initiate 
the Noise Abatement League in 193S in order to combat the 
e¥ll at its source.'^ ‘ Doctors are definitely convinced,’ says 
l^ri Herder, ‘ tlmt noise wears down the human nervous 
lysteia, so that both the natural resistance to disease and 
the iifitUKil recovery from disease are lowered.’ (Quief, 
July 1987.) To' protect health by securing adequate sleep, 
to promote tlie idea of quiet as a desirable thing and combat 
avoidable noise, w^ere the objects of the League, and some 
exedicnt work was done. The League put forward in 
liS-l anienciineiits to tlie Road Traffic Bill then before 
Parliament, which were carried. It promoted the ‘ no 
liixtinf ’ orier at night in built-up areas, and took part 
in the Ministry of Transport’s Departmental Committee to 
investigate the reduction of noise in motor cars. It has also 
contributed to the efforts towards strengthening the law 
against the .unreasonable use of loudspeakers and .gramo- 
piwMses, and just before the war its technical committee wa.s. 
investlfating the problem of imd drills. A useful piece of 
propafanda was the recommendation for the use of rubber 
wheels to milk earl..s and the use of rubber kerbs to p.aik, 
bins and hospilal equipment. In many -ways the League 
ha.s perforinec! a public service by focussing opinion upon 
the noise problem. 


THE NIGHTWOEKER 

Tie League also envisaged tie plight of the night wwk^' 
tsM mwM $kip % cfcf. A u^fctl recommendation' among 
others was that sleeping Ic^gias .should be provided on the 
roofs of hospitals, relatively protected from street ■ noises., 
for night nurses. 

* TIi€ i^mgtie WM in feet one of those p^ublie defence societies., like, 
the the Soci^y foi the Frotectioa of Anciml 

the N:itis-jnai Trust aitd- others, wMch have l)eeii caJleil' 
into ^ing ift recent jmm hf the aeed for the more immaiie and 
♦daimted portwi of the «Mii.»ramty (m «ii efeases) to protect iteK' 
agaiEBt ^nti-sackl foiees. These, 'societfes. proceed upon the 
Xmndpk that all eitkens have ©qml lights in the: amenitio, of tWr 
BaTOi3Bcl.lng¥. 
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Siuee ill war-tiiae th€ .'irigl.it worker is mme 
t!;aii ever we We give t..|ie L€ifpie\t f*,r !kf 

jm4iiikHi night 'm'orkers. 

* iiverlcM.ikifig tiif street are all more m 

fij the ^^itisie tieirree of trsftie »c#ise. Height atwvr tiii* 
lias littk- «if ii*i effect c«i the cikiiiimlioii of tl« loiidiirs'i. flat 
iwiiiS in I lie f&at spaae witli dinner windows set wvli hark 
a siikliliiig iMrir--!; r.r 7r";rr*:n-r : t«n be riiiMii f|uiettf. 

BedfiWEis sImi,... ; :-r., .: overltwkiiig the gartlcfi 
or quiet area --Vv:: i i ^ v., ' from the iiitrasbifi 

of street noi^e. Bttlro€ifii.s uwier mmimm and firojectiiig lMi«>nies 
tend to te Bttky. 

* Skef m more ciistiirt>ed by s-nclden iiilerfril'lteiit rioiM-s ttiafi 
liy Urn gi«e»i .'fiitiii of ordinary daily aeti'vities. The wdst cif 
slai»iiii.j:ig ii<»w aiici the clatter of lioaseliold ateiisiis are ^petmMy 
dataflMfig. 

‘ Many find re.lirf 'by tlie use of ear-plop or ear stops, wiiirti 
Hiay painel:ta»;l fitn» reputable ilea.le'.r«, *” 

liangifig of «lc»:rs is to|:»rta!it, '.i::'! with rebtef 

or fell: »3iifMi ifi»ii.lati 0 E and lielps to elifiiliMlt* distiirbmf 

»wwi. PiM?iii»atic door c‘lose:rs a.r€ adMi oMfui. ' Ttie 
of ttoifte frofo this mmme will -be fo.u-Bd to Im? most effeel-h^c# a* 
-awnriilow mmd tamMugs an.' fomistMAl and .rever- 

temni in A.uT,^J.v7. thus ir.-.-rv. - /...i'.-,! »md iiiaMng the iioise 
/f very ?■ 

“ Hoiii^Wil utensils ms pnfl^.. f-::®!., inetel wal€T-ju,p„ 
elc*» mm ^ iiteneetl by tlie ose :.V rii; r edge ©ove», 

iJtoes a.iM! liaiwiles whieli are iiO'W i'o,;-. .is 

ini|M>rtaiil and tMeethm m the siteneijag of fie.fiiw-:bkis vvo:;.;h .'iro 
often placet! on liar 4 } ,. :: 'v r. . ■ 

^ Pa.|:iier”iii.mch« i 'T wms-liiiig up, flfe'it? tt-fiise 'bias »imI 

nibl>er tliM>r-co%*eri.ng may also contribute t.o the eliii'ilaalioB cif 
t,lic distiirliing clatter nsnally asscKimted. ’wit.ti onliaa.iy* feoii'seliold 
doii..iest.ic aetfvit'les. 

^ Care shoiild k:* taken to select anc'l use only those vaemini- 
elcaners, B'€wiiig-.m.acli.ines, el-eetric- washers., etc*., of the siieneetl 
tyfie* 

" ' • I'H the matter of foraistiing, il mnut be remembered that the 
penemi effect of eirpet®, enrtaiins aad absorbent fiirniture cc^ver- 
inps is to Tedaee ihv of ietni-Mve .'noise and to deiMlcfi 

noise origiimtiiig within the room itself. 

* The modern tenieii«yr to do away with carpets and to cut 
down the furnishings to 'the bare 'C»enttals in simple, lawlern 
labour-saTling fnmitnre, introduces rewibeimiit bathroom 
ixmciitioiis under which the inaintoimM* of comfortable quiet 
m almost an impossibility*. The i^t sleeper obliged to take hi^s 
rest during the ae:h»';t:es of the should therefore be aceora- 
nawiated preferably in a wcll-feniiitoi from »iitalniiig 
atejrtnits such as* ear|wts aiMi 
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FBIA'ATE llOt'SES 

„.i after the war will consist largely 

ntiiiiiBui.* ‘.f problem is the neighbour s 

" ■■ i„;;l«.aker at the other side of the party wall ; 
piHuo or kauhiHaktr _ ^ through open adjoining 

aiicl all wortli earn leg nqrtv wall. It has been 

t M. party 

shown in ^.,1 by the fireplace jamte. 

jSlflrotive By this means 

ean b^ »tn eiicti • orjme 10 phons oA'er a single 

an increase in noise reduc^on^ 

J^rty ^ a m^er 4|-in. brick leaf truly separated 

leaves ought to be a mtro ^ § Separation of con- . 

b5..1».t 2 in 

arete foundations is the roof 

“t dotl. («e Fig. =), 

by 1^**^.®:^"* ! ‘f^l'back external walls must be con- 
thf ‘‘nd here the problern is to 

“ihS^adeitately without the use of wall ties, » that there 
itiffen adequaieij rfmeture between the brickwork 

shall be a real separation of stmrture obviously 

o# „ Jioinii«T houses. The method of stmening is ou _ y 
c.i - .c ^ iwL\rc which in fact act as small buttresses 
to acign ®.^JfeSend. This is illustrated as 

lietween ^“^^^Xiously capable of variation, 

m ^Seiple is that of lateral buttress walls giving 

* tmMers of the ParkfieM Estate, Swpdoa, 

i "tlKeiileiprsMSf walk, in one 

tave Wt kLr of t^riJUs, one 3i in. 

ewse » in. single thartoe®. ^ ^ construction was 

iMfi>*n»ted by a 2 -m. air spa<* a ■ gases were 

ft#*!, ■ . ' 
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iliffiTiiit towciii wliirii stai:Mlrtrs,i 'wnuhm 

F/ii>#l, pa^ire! l4>rwMrd «>iae iiitt'Ts.iI. wall t.ii earli Imy 

tc^ e’Vt* ii •sereri'i as iMdwf-eii i>|»en wificlows hi :hi^\\.h.j 
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t\.r housing, such as Miss Denbys • Al! Europe House ' 
Jmirml, June 26, 1939), do in tact provide some 

tetw€€ii windows. Csscnicnt windows ot adjoitiiiig* 

iiouses ought not to oj^n towards eacli ottier, but open in 

**'ll!‘iespcrt of planning Mr. F. L. Barrow has {tinted out 
to me that there is a type of plan for semi-detached hous^^ 
which in fact gives relatively less transmission through party 


adjoining houses 

IMSULATED AW SCREENED fHOM ^ /r VL 

OPfM NOISES * — 

Fig. S. — Scwiid Insuktiom of Houses in Rows. 

wall namely that in which hall, staircase and kitchen come 
against the party wall on ground floor, and hkwise stairc^e, 
lithroom and smali bedroom on first floor. Thus reception 
rooms and main bedrooms are not in direct contact wth 
the partv wall. This principle could be more widely applied. 

Other important points are to plaster the ^rty wall, 
including the strip at floor level corresponding to joist 
ncss, and also not to run floor joists into ^rty tat 
p«alle! to it, and supported on a spine wall or b^rn. hmmiy, 
if cheap plurnbing units are to serve pairs of houses, they 
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Iw ac*.s%^iirtl in sliafts not to meakrii |«irty wiill 

insulation, m\d this applies also to eooimunal heatiiii^ l$re 
p. 53 )» 

In dctarheci country honsc^s servants’ ciiiarfcrs mi^ht 
to lic insiikted owing to their wirt'^Icss *ict, Ako guests' 
nioriis with tclepbones must not broadcast rofi^inxitioii 
all o%'’rr the hoasc, and roust thertfmt Im* liitllefl by a loliby 
iiatl liav'i" ttiieqaate ioor i.iisulati«ii* m ekm* rarpetiag. Tlii% 
alw applies to the irurscni Sfmitow joist tlmirs, flioiigfi 
they mm be stnieturaliy safe, bend wilder fiiriiiture loads 
and taiitrn tlie fciliiig benmtti, giving noisy eoiwiitioris 
f 11-in. joists are desirablr). Bathrooms and W.C'/s mimt 
l>e planned over each other and not mriie over 
Im3*5iiis4' wicm! eeiliiigs kmdeci with partitlofis tciwl Ici Iraiisiiiit. 

The ty|M‘ of resi(leritia! biiildiBg C'oiisistirig cif CH.wiveft€tl 
wMiu&Betk'4 or new house witli separate flat on semnd floor 

often gives sctIows noise com plaints. The : 

tci lx* plarified al>ove livmg-nmuh or al»vs in. n i 
riot alM>V€? l;x*tl:rc.>ofii. Irisuh4ticir,i of the wcm:m.1 IImw is higtily 
desirable. For this see p. M) Ixdow. For ii cpiet rimwcry 
floor inish, see |X 47. 

IKISFITAI...S 

In inoclerit liospltals. owing to mc'chanieiil eq'?.,ii.|)rnc,rd. 
and for other reascins, no.ise .!nsii.klion has become m fiinda- 
iiiefitiil pniKi'ifi and is im> longer iiidiieniaL A 

new probitn: L i -v:;. rv<[ the niodeni hospliml wtlh the paying 
patient acc'oiiinioclated in t.he single bed w”a,rd. He m nmm 
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*iE4ii if.» buiki lliiit |mrt in a more iiiassivT brick structure, 
uUming wan! bi«K!k winp to be of Ilgiiter frame eon- 
s! met ion. 

Lal»iir m*anls art* also sources of noise and must In* 
plariiMti ill siiitill froups with a sj^eial lobby so that they 
are Impfml from mmn eorriclor, and they require cloubie 
fiartitifuis, without w^ali ties, between wards. Also the 
liiirseries ronneeted with labour wards must not occur 

rooms. The position of sluice 
wmms ii::d k Ixjth of W'hich are sources of noise, 

can greatly affect the aiiioiint of noise |>enetrating to beds. 
These ought not to give directly on to wards, but must not 
be far away. A bospita! main corridor is itself a source of 
noise and if fanlights open on to the main corridor from 
single Wd wards c*ora|)laints will be caused ; therefore the 
rcq'iiiremeiits of eims-ventilation for which the fanlight wm 
desipiecl must lie weighed against noise nuisance. If loud- 
s|>emkers are allowed in single bed wards there is an added 
rea»ii for omitting fanlights to corridoRJ. 

In ' addition the |M>sition of bedrooms for night nurses 
wlio must sleep by day must be considered. These must be 
gtoiipccl . and defended by baffle lobbies . from ordiimr},^ 
eorrldor noii^s. Also they must l>e defended against loud- 
speakers or grardop!a:f!ic^ in adjoining day nurses’ or sisters’ 
In tlie general planning of wards in liospitals on 
noisy sites the quiet side ought to be allocated if possible 
to surgical wards because ultra hygienic conditions are 
needed for surgical wards, whereas medical wards are 
mm pemitted mmw of the more hygienic kinds of, sound- 
alwo.rbi'iif celli,!ig such as the ‘ sanacoustic ’ type tile. 

Floor finishes in hospitals can add to noise or reduce it, 
espectaly in main corridors. 'Ik>ard and batten floo^rs are 
very noisy underfoot, and must be avoided (.see also p. 47). 
la *ddit,ioii. loose ,lat€.hes; to doors can very no.i.sy, and 
on Bi.ai.ii corridors ought, to have closers or dwr 

stop.. 

Noises in ward kitchens can be greatly reduced by placing 
sheet nibter on draining boards, tiled sills,, and on floor 
arew where trays are stacked. This principle applies equally 
to sluice rooms and in both sluice room and ward kitchen 

S«e * sufp'ftloa of Ibe Almleiiieat beague,, p. 18 above. 
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‘ ■'“■-■•■-’ ctiiiiig, formed of oise of thv 

atwrbiag files h of great sisf* in reciiieiBg cialler, 
ilni Ilmpiitik, Since tliew are iimiiih' c»ri grotiiiti 
aeiite firoWifiiis clu not armx but yel planning ran lialve tl;r 
noise risk. Service yard, boiler-lipase, pais tries with jxitatd 
wasliers, transfomier 'rroiii, are spinrwi of riolsi* and riiM%t Im* 
s€^fr€*galcil from wards. Single 'bed wm,rds, for otileers, iiiiist 
not ct>me next ward kllciMs, ami slalee rmMm rec|iiiri* tin* 
same sl»rt distance removal froro wawls as in tlie rase f4" 
|:»ni:isfiCEt. Iiospitak stove Boted. 

A chief «>ar«t &( noise in all hat lM>spitals is tlic long 



branch dacts in toilders'" work are less ticiky Ilian nieti 
dacts. In the metlito of air-eoiiditiofiiiif in which a„ 
crosses a , room diagonally, himg ceilings are desirable t 
the tranks, and th^ ceilings if liiifig cai fe’li 
iiisiilatcd hangers give some measure of icw mum€ 
prooiiig. If sir is extract^ upwards into nmin fliiinhiri 
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iioijsi". due to the chute of water down 
I tal! building* is ikble to be a real nuisance; it tends to 
t>iuipf into bfdroDfi IS through extract grilles unless absorbing 
are |;ilat‘ed Ixdiind grilles. In the method of air- 
roniiiticinifig in which air is introduced at ceiling level and 
rxiraeted on siinir side a greater air velocity tliroiigli inlets 
IS rniiiirecl and preeautions must l:>e taken in the shape of 
dirt^ctiiig ^'lilies m mouths of duets, and gratings having 
roiindetl edges. But baffled trunks mean more powerful 
faiis ami plent}' of headrcKun for large fans must be provided 
by the architect. The larger and slower a fan the less air- 
surf c? and the less noise from rotating parts. Air-eoiiditioning 
«|iiipmeiit witli its pumps and washers is more easily in- 
siilat.cd on baseiiieiit floors where anti- vibration beds can 
i„ fTicIcnt!}.' dissociate rotating parts from structure. On upper 
floors tlie efficient structural insulation is much more difficult 
(see also paragraph on fan and trunk noises below% p, 52). 
Aeeelerfdion [nimrs, air compressors, refrigerators, pneii- 
niatk equipment, knife grinders, potato 

'Washers, Imkery rimehlnery, must 'be specified as silent and 

pmi &m party walk. 

When an hotel building has been effectively protected 
freiii I’raffie noises the comparative quiet of bedrooms will 
male tele'phoiie conversations, snores, bathroom and plumb- 
ing noises, footsteps In corridors and the cleaning of corridors, 
more easily heard. Under such conditions double partitions 
each 2 1 in, tliiel, insulated at maigins and not bridged by 
wall ties, are B,eC'Cssary between bed.r<M>in$, or, alternatively, 
heavy siftgle partitions at least 40 lb. per 'Sq. ft. The single 
t-i'n, |»rtitlo» with thin piaster coat will not insulate against 
snores. This applies with equal force tO' all hotel buildings^ 
and all flat baildisp. on quiet sites where there is iio masMng 
noise from familiar tmfiic. The same., structural defence Is' 
necessary between tmlhnoom and batlwoom andl between 
totliiwiB and plumbing shaft, 'Corridors must not be toard, 
and batten ioored but have rubber or carpet gangways on 
the sold; eork skirtinp 'will guard against, small impiet 
noises vrLile eleaninir. 

III residential hotels on quiet site where bedrooms may 
beeo-ine bed-sitting in which wireless .sets' a,Bd 

phoiiw are found, the rTOin.s.r^ulre a baffle of 'eupib€».rds'. 



¥i.xs^t\Q 


ia itMiiii Huts (^ee alMiTel m d*s€* the 

i>f a 4|-in. wall lictween tmm and room. Kvrn smut 
eontrol of asiipliflestioa by the h desiralilta 

in iili b'irk UJI dmfis muM be phmmd itifh « htlfit t/f 
iium rmmA hritLetti ike lifU mid imirmmm, Paiilrios with Ult 
iitiics anti can lie very nt^ny and a 

labliy I’M^tween them and the cx»rTi.d 0 r m In Lirge 

liofek, t»l!r<>oiii« and mmsofiie ■ lodge rooiiw wliirh are liirefi 
out :::.■, j./vn.d. !::-;,ist be planned m as iinl to dHliirii 
ixilr-v, A tm an intefnal eiHirt iiiiHt liavi* N^dicl 

rooting .^tfiicliire of r^ld, do'iiblf steel ky liglits nrit 
traktl by veiitiiatbii optmu^s; the iiiili tlien 

need separate ventilation. Ledge rooms ought not to IrAVt 
windows on small internal courts. For dcliiK of quirt 
e'.y:;ir:;::',e:A for liotels the student slioiiW .eoiisiill the Xoisc* 
Abateifient Leapie Leaflet No. 6, limteh. 


scmmis 




PRACTICAL ACO'USTICS 


m 

qumtm. Movable petitions u.sed to divide elassrooais 
to l» « heaw as fHBsible aod close tight. ' 

la fcliffe 0/ mmme the iectiire rooms aad administmtbi 
nerd to segregated and defended from noise, and also the 
iiiiisie library md ]rcM)ins nsed for examination. It is not 
|)i>ssible to compose in musical examinations, or read scores 
if strains of music filter in from ontside. ■ Also- a clear di»- ' 
liactiim fe be dmwn between ** practice rooms ’ and ' 
•teaching rooms". They ought not to adjoin. Rmcticc 
rooms ought to ^segregated and removed some distance, 
or placed on a noisy front, but need not be expensivelv 
insulated the one from the other because a stiident practising' 
drowns out his neighbour’s sounds. But teaching room^ 
tku^h 'Often ii-sed for practising, m^d quM for pergo^ 
tuiiioih and must be carefully insulated the one from the 
other structurally or by means of cupboards or lobbies 
arranged to form bailies. If teaching rooms occur in the 
mmt block as practice rooms they ought to be placed at the 
ends and dissociated from the practice rooms, 

XECirXICAL COLLEGES 

Te^Animl colleges tend to be thoroughly bad and neetl 
II new attitude on the part of designers and building com- 
mittees. How w*eH we wdio lecture to evening classes know" 
the echoing corridors, the grim reverberant classrooms, the 
traffic noise without, the brush scream from an adjoining 
labomtor}", and as a result the extra effort on the part of 
ieetura* and students to convey instruction and absorb it 
intelii|ently (Fig. Yet these dismal buildings are all the 

University that thousands of young men and women know 
under our present system. And now technical colleges are 
to be Imilt w-here trades of all kinds are to be taught, indud- 
iiif Joinery macMne shops, and sheet metal shops, which are 
literally of the noisiest. In the future it is probable that 
diesel engines, pundhing machines, motor engineering trades, 
printing p^ses, butcher’s blcxiks,, will all be found contri- 
btiting noise, and on the same site as classrooms where 
teachers a.fe trjing tO' teach. Here eotne Mempt oi groupmg 

stuUeet (unknciwo) wlio 
«liil litis ski'teli- for itw ttefoie |lw wsiTj. - . ■ 



■ A *11 

iiii mmi itaw#, m$4 4rfendmg t-'i' i'i'SmA '' Mi¥£ 

rmfm kfm$4iml. C 1 amo 0 w»»^ ^ 7 > ■ i*'. 

instriiiiieate aimt fee ke^ IfMa vli&ttiiii* onghl to Ite 
plafed ill ft biiiWIaf ^mm le«tiniM:*.w>iu^’!!H! iiiaelyrit^ 


I r *4. ^ ^ V. ■w'.w 

D,^Gt4y Of A iiciyiii mfm to mmi 

10 M am tmm Km'Jit camim 



sihttps. Als^tlie hwmaaitks mglit to be u^revii an i^i')ni:nl^al,)le 
not rekgateti; iMii ..^idleiits' uniGn rooms, eo-irijiiDii 
iwms^ iibwrjV mni college hall be pkinned separately m a 
bviMiHf, m wing, wlileli, would be. and look like, a iiOiiie fnjr 
tlie mind, and would give' some peaceful and cinfured eon- 
ditions. If Ihk k not dooa'the ]TO‘jT^'-hr de-re e.r-arazinij 
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dvd ?%hintiitrdizing of youth in teelmieal iiistitiitioiis is ini- 
avoiitalile. Also the amount of knowledge necessary to he 
assimilated nowadays, if standards are to be maintained, 
defiiarids conditions more favourable to learning. Therefore 
the Icacliiiig rcioms, l)esi(Ies being defended from noise, need 
tu he more eornfortable and require some sound absorbing 
trciitiiient to rediiee the irritating reverberation caused by 
hard niocltTii plasters and hygienic flooring materials. The 
new dassrM)ms and hall at Morlcy College by '3Ir. M'aufe are 
an example of what can be done, even upon a noisy site, to 
give more hiiniaiie conditions (see also school and college 
hails bedow, p. lOS, and the section " Noise and the Efficiency 
of Workers/ p. 17). 

THE VILLAGE COLLEGE 

These buildings eombine the functions of a senior school 
and adult community centre. The school may draw from 
a number of villages and may be a mixed school of between 
and 3CM). At the same time the buildings are used for 
public meetings., concerts,, lectures, cookery demonstrations, 
adult physical t.raiiiing and continuation classes : they will 
«TVc also as the headquarters of the local clubs and s^ociet.ies 
and the eou.nty branch library wdii also need a room in the 
building. Now many of these activities must necessarily 
be going on at the same time. Therefore group planning, 
and the' relation and dmmiatim of groups is necessary. In 
the country, on uneonflned sites, this can be done, but 
r«|uii». a d£ffe.rent attack and general attitude to that of 
designing on tight city plots. A village college ought, in 
€‘h»m“Ctcr, tO' be a ii.leely related series of one-storey buildings, 
rura.l in character, and spread out and linked over a fairly 
wide area, which provides also school gardens with a glass 
house . and frames, playing fields, a paved playground, a 
snial! car park and cycle store. Buildings looking like 
fictoritt are not appropriate and are less easily kept in 
r€|»,lr, .in niml ^ areas. Planning against noise sugg^ts 
.iis»e»tion , of the gyiBn,asium and w^orkshop, which are 
eeiiimon to lx>tli ehlMre,n and adults, from the .elassrcwma, 
tell, adults’ room, club room, library and 'Care- 

tt^r’s flat. Bui the hall itself 'will be a source of iioi,se 
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n^lifarsaK, tint co'yid Im* bsitleci by kilrkiL mhkh 
must be locatctl so as to sen^e both ha!! ifor caildrc-ifs liii'.ehcH 
ami local clanresl and the adlllt^* eooimori rcx>fii« A,^aiii 
tlii'fc are a group of rcMHiiS'-rmriiely, relatively scifiice 

rcM.Mii, doitiesiic-seieriee room, art rcmni,, lectorr nmma aiwl 
library^ which will Im? TOmnioii l)olli to children will 
am! whieli must ncit eome u-ear worksliop and gyr:ima.siiifis. 
Ileiiee a iiiiinbef of eiitrauees^ yel initkil clirceticin of tlir 
ehiltireri, and tlie linking of grotipHi by covered ways 
suggested. 


lirT ASn CAMP BCILIMNCS 

Here the same ] . as for hut hospitals (above) 

Must l)e applied in the matter of segregating sources of iioisi^ 
— semce yards, kitchens, transformer and irK3tt3r generator 
aeeelerator pumps, air eonipressors. Similarly, 
defend adniiiustration and teaching miwm and iiM^dical 
otfiear’s and ins|’^clion rooms. For hut dwellings note the 
need for .two- leaf party walls as for hcmsc^s (a,l»vc\ p. tJd’h 
and in comniUiMealion and aeees.s corridors the* value O'f a 
solid rather than a toard and batt'en floor against footsteps. 
For rirntfct'in.s' drcelMngs and admliustraiioft bloc*ks from 
noise :rou: ^idyArA:..:! windows the pri.iidp,l€ of the ^ 

extenial scTeeri ’wall Wtween units, as for houses in rt>ws 
(see Fig. S) ean l« de%"elop€d and 'where easen'ient windows 
are used t,liey must not open to'^rards ea.'Ch other. .Soine 
ecintrol of anipii,fication of 'wireless sets is desirable. Games 
,rcM"irtis, ear;|M*'riters’ shops, skittle alleys, gyiiiiiasiii, asseniMy 
flails, ax€t noisy and need to be grouped aw^ay frciiii dwellings 
and teaching riXMiis, as for village colleges ailiove. 


M'rN'ICIFAL HALLS 

Here tw^o tendencies in modern planning aK.in 
the tendency to plan a greater and lesser ka.!i cofiii»'Uiiic«.t'iiif 
'for scNcial assemblies and at the same time to hire out th€«' 
two hails separately for use at. the mmt 'tim'e. Thk pwcats 
great diilcultics. A large double door or sidiag partition 
^tween the two halls cannot in effect, iasulatc |»werfol 
rehearsal noises. A smaB tail M to imateiir playew fnow 


:i*i F U A V 1 1 C A I. A C o L" S T 1 1 S 

very eci:riira 0 ii) allows of the knocking up of scenery wlijch 
\ery diSiriilt to insulate and may interfere with concerts 
prciccecling in the large hail : conversely, a concert rehearsal 
nity penetrate a theatrical |>erformaiiee adjoining. Good 
piafiiiing 'will separate the halls entirely. By that means 
they ean ht let on a (commercial basis. This ought 

alM3 to I'M" applied to " eominunity buildings where a riiiraber 
of aclivities requiring different halls, lecture rooms, or club 
HMH'iis a„re carried on at the sam.e time and adjoining roo'rris 
may Im* let siniiiItaneoiisI>'. 


OFFICES. BAN'KS, BUS'IX'ESS P'REMI'SES 

GckmI evidence points to a real increase in efficiency for 
clerical w^orkers as bet'ween quiet and noisy conditions in 
olfiees. The 'fi:rst cause of complaint, and exasperation, rises 
fro'iH' trying to do business on the telephone in noisy general 
offices. Therefore grouping is necessary. It may take the 
'fopm of placing those w’ho buy and sell on the telephone in a 
relatively quiet roo'm, or of taking the tabulating and p'U'nch- 
ing niachiaes out of the general office and i.solating them., 
Again and again I hii've found the quiet rooms having a high 
habilabie value, filled with -stores- ; and unfortunate persons 
struggling along in the noisy roonus -in the besieging roar of 
the traffic and trying to Interview prospective customers above 
a ‘ thres-hold ’ of 50 db. Where there is reading, dictation 
and veriryir.g aloud, quiet is necessary. Thus, in banks, the 
cjslling of the .ledgers 'will take a shorter time and mistakes 
a'voided in quiet conditions. The 'pla,nning of secretaries’ 
and managers’ rooms, rest rooms, and medical officers’,' 
roo-iris, o'h the ijulct side is an obvio-us a-dvantage. When 
Ijftffie noise ,is .serious then air-conditioning and closed 
w,iiidows may iiecessa,iy. The top .floor then has an 
advantage since it can te whoUy top lit. In the ease of 
aictioa r€»iii,s business can be seriously damaged if bids are 
not heard and an air-conditioning system with -c!-osed, 
windows may be neecssary on' the street fronts Auction 
rooms also present the extreme case for a fl^or finish quiei 
MBderfmM : but it ap-pite in all offices. In a genera! office 
gangways of nihber or -cork can be usefully laid downd' In 
* Wm io©r ftnfelies see feetew, p. 47. 
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ritoi'iiitik’ntai offiew and banks rubber floors ought to rt’plaec* 
the marble. (Note : for details of quiet equipment, ete.. 
see Xoise .^.batement League. Pamphlet No. 9 . * Reduet ion 
of Noise in Officts. Banks. Business Preniises, ete.') 


PUNMXi. or PI ft; SHAJ7S 

In wioclern buildings tlie doraeslie stTvim are m e.stensii'c 
and ramified that their j/Aiur.iriir on wmfinetl sites is now a 
najor problem. Pi}»s. duds, ronduits. simal 

(services, are ptratial .sources of noise lieeaiise they are 
liable to penetrate Ihiors, walls, [artitions. It is still (»nimoti 
in praetice to find an ex|)ensive soundprixd fartition rendered 
useless by a service pijn* breaking through it. Therefore 
pifie shafts must be well placed and ample in size ; they 
are as important as staircases and ought to be teitcd on 
the sketch plans. S! ; ] • 1> on section, ihorizontal duet-ways 
must .Mv’.'.,-.;:-;!. or else sufficient thickness for a double 
iteof or slui^ ailing, in order to enable leads to reach {joints 
laterally without cutting through Ikiors and {Mtitions. .Umj 
s|>att for an ample air-inlet shaft must be providwl to prevent 
hi|h air s}m1s and conswjuent structural vibration.* 

’ At !he (DfM-Wion of tWs ctiapter 1 can tar tite sontmful ijucs- 
tiori- hm afford it ? Bdtfr quality <siiBpn«?nt. »4id stractun*. careful 
4m by the tranks, iwirc’titiw, inotc tr«.)uli!c, ti tnifl^ffian’s 

attiHidf ; all that nwMs «|iieose. One answer is-ciiminatc the 
■ iiixtirv * installatwffl, the ingenious usekiss gafigrt, tla* tlf t«k»- 
nmmhsii -(simfort.s list »io not eowfort the heart. Have fewer anfi 
better things. 
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PRACTICAL SOUND-PROOFING 

BE8IGN POIKTS IN SOUNDPROOF CONSTRUCTION 

IN SPECIFYING stmndproof partitions for sets of adjoining 
rooms along a corridor, such as hotel bedrooms, one-room 
flats, hostels, clubs, it is not enough to consider only the 
transverse partitions between rooms. FlanMng teansmissimi 
always occurs along the continuous corridor wall and may 
make the ‘soundproof’ partitions iKeless, Therefore po- 
viite doable transverse partitions but break the corridor 
pirtiticm at the cavity and mask the cavity by a fillet seemed 
to one side only {Tig 4). Sm also Rtmaurice »ad ABens’ 

The prevalence of flanking transmission must always be 
borne in mind and sound originating in a particular room 
can be conveyed long distances, not only by corridor walls, 
but by all the walls as well as by floor and ceiling. This is 
one of the vital principles which has emerged from recent 
studies in sound transmission. 

For this reason complete structural sound-proofing re- 
quires a true system of separated units known as Bm 
Stm^ure. This has been carefully studied by Fitzmauriee 
and Allen (op. eU.) and their results can be briefly summar- 
ized as follows.^ Taking the case of a block of two and three 
bedroom fiats (Fig. 5) the chief noise sources are noted, 
namely staircase, lift, pipe shaft, kitchen, bathrooms and 
W.C.s. Th^ units are left in contact with the frame 
strarture. Insulatum is then provided for the units needii^ 
quiet— namely, bedrooms, living-room, eturidor and hall, 
and these form either one or two separate box structures 
acccarding to the size of the flat, resting on a strong floating 

My tkodES are dae to rtiese two aathois who have gsteroas^ 
posiMed kqp eadiKts <a this »d>je(d to be induded in tm chanter. 
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ak>¥'e file straetiiral iloor. Rubber eubes &re dropfei 
mitliiii tlie sockets and the floor is raised by seremiisf ikiwii 
plugs upoa these eubes. It is fouBc! ia pmcliee that large 
sereed areas are saHkienliy daetile to be lifted in this wa\^ 


sc^reed is given to wdve tiie wearing inish* Then the 
partitions are built nfMrn this ioatiag flexir in a noriaai 
manlier as showm. It is found in praetiee that, with a heavy 




SUaded imjrta show extent at Box Slruftuw*. 
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dyatiiit: of llik kiiatl, it is siillleirat to Iiai4g Ia 

: fiaiigers Imni the: sinietiiral flcw>r at^nr. It! 

%'iirliiiH t>|#ts oi box jmrlil'iijii^ arr in drtuiL For 

I»i4rty pailitiom flit** it h foyrid iirer\%4ry to iLtt*r- 

fill ijiltTfiictliaie %€T€tn f'lartitioii m m Fig. 5/i (riijlit ii.iiiil l 
Lelwreii the two Imx It «it% foiirifl 

o; .r-.'..:. : tlial two adjoh'sin^^ box partilwitw 4*oiitiii!ii4- 

■- : - a crrtaiii extent across the air spaer iM'lwmi 


3CX WALL. SOX WALL • 



SECTIONS SHOWING JUNCTIONS 

My pmsmam fif ii M. O^i 


Fig, Ik^talli fif IF.pi'ai aail 

tbeni, ['rro'^M’dv owing to tfe feel llat eaeli aet^eil as an 
extension of liie §mf» Bat iht inlerroetlmle |Mrt.it:kni lias 
only to screen, aiici pmwmt sir -io tliat it can 

rest on the fimnie slraelare. It '•.L.-A.'d .1 be t'liat tfik 

imctlicM.1 {Fig, of a seretn iral! hrlwecfi two . diss«mt:eci 
box walls is the iinethod for insiilatiag loud soiiwi 

soii,rces between inusie stadia,, and eaa lie made vtry 
effident iiideefl. But box 'Stmetait seeds careftil cielailiiif ,, in 
cutler to prere Ilf short eirrtiillnf of rioi«. in 'rrs:-|»^€t, of i«>rs* 
4 
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mmkm's, lirrplaees, stenehkms, beams, phiirijiiig : illustra- 
lirrn^ of these details are given by Fitzmauriee and Allen. 

Where existing rooms have to be insalatecl in order to 
make them habitable it is possible to economize by treating 
evert^ aMernaie mwn : treatment which I have 
Ibiiiid useful in siieh eases is a wood framed lining to alternate 
rooms wedged up a.gainst glass silk w^hieh is made to cover 


IWO-lEAF PARTiTiON THREE-lEAF PARTillON 

DITA^iS BITAil'N T£ HANOT'S AND DETAMS SiTWEEN LiViNG 

mh\0'% liVlND QUARTERS DiFFIRENT FLATS fPARTY FaRT.T.Qn: 



By permissim 0 / H.M, SWtwwsry €3^*. 

Fig. Si.-— Treatment ©f Pairtitioiis in Box Stnictnre. (From 
Fitxmanrice and Ailen.) 


whole existing wall .area bat not nailed, into it, and then 
inished with a ibre board, plastered | in. ; floor, a linO' on felt, 
Eesista.iie€ to transmission of air-borne sounds of simple 
wall straetwres still depends primarily on ' their weight. 
This applies to walk, part-itions, floors and to' hollow block 
partitions. Therefore light budding blocks advertised as 
heat insulating will not also mmnd insulating. Cavity 
wals mUh WiM im are not better than solid waUs of equal 
weight and in mmt eases. iB.ay less efficient. But unhridged 
isMe par! a Ions mm a recc^ized sound-pirofing practice. 
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TIi%ry Hill 4 iicil lir les^ thiiii :! iih ajMirt. If thr 
futild be «H>iii|:»letely fmifi stnietiire at 

tliini 11 dcnilile imrtitkm ^oiild lie very effirlerit* Tiir 
edge of dimhif purtUmm k ditfiriil! lint : 

if is to Im’ had fmm therii. They imght tn nvt 

iis |wi|K*r!y <kni|;ieci ai t.heir edges, Tlierribw 

iiirally tliey oiiglit not to :rely for iliilMlity on sides aind top 
llxiri||s, 1)111 Im* able to itaiid aloae like » 11411. wail * Tiir 
liljility of an edge fixing to trarisniit the lierwliiig iiiofiieiits 
ttiustii by llexnral vibration mmt to mme ilegrre Ik* a 
nieasiire of the amount of so'imd Imiisniissioii whif-h will 
take plaee froiri member tonirml^r in a striifliirf/ ^ Tliere- 
fore a clciiible l.)loc*k onght to be just sleiMlIwi against 

a fillet of cork or felt-ecivered talteii at eelliiig lijul ctoss 
walls aifid the bricifiBg effex*! of plaster over angles must Im* 
avoideci If liie {mrtitiois is too lifht it will viliratc ill 
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^tud> lint leeii Illy iiiereas>e the efficiency. '* It slioiild be iiotcil 
that \chilst stud partitions are .more effective than single 
partilic.iEii of the same weight, when averaged out over the? 
Ire4|iieiic*y raiigc% the improvement is chiefly at the high 
frf!<|ii,eneies. There is little improveiineiit at the low Tre- 
c|«eiieies.'" ^ Therefore since stud partitions are not spC'dally 
effeelive at low treqnencks they are of, less use against 
iBiiskal tones, and are reeoinmended rather for partitions 
within a house, or flat imit, than for party partitions and 
are not recommended for practice rooms. For loud low tones 

ilDBO OMS IN HOilSES 

OllAilS OP SOUND INSULATION CONSTRUCflON 



e.— iBsuwwcm m rioors ana ■iTeaT'meiii oi .rartitions. 

IFfoni Fitznmuriee & Allen.) 

the mass of the d-iii. brick wall plastered,, provides in mj 
opinion the most reliable type. 

In plaiioing moderately soii.ndproof partitio'ns for privMe 
homes m mn the joists parallel with partitions 

and bring two joists close together but not touching. Along 
the ^p l»tfi’'eea these Joists fix a stud part'ltioii witli sill spiked 
to, one joist only ; or m double light .block partition without 
tics and with its cavity 'eommg over the gap between the 
icMir Joists ('S« .Fiteinaurice and Allen h illustrated in F%, S. 

* .Morreau, BalMiiig Special Re|}OTt. ' Medactimt 

«/ p. It, 
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thr lkj«ir fcN>ar4.?» arr, of 4\aimo brf'4t'3i 
Tlii'^ IS .ill iipplieat 14)11 of the priiirip!'?' of 4KyM/i;<tM! sifii^for* 
A t!i^ prm‘tiral tabk" of inviiLili^oi %aht^o 

tor wiilK iimingrti Ui ordef'by the late CA J, Mornjiu ti 

tnt'flmfJ II sIwMiki tie riotrd tkit tlie iigiirr^ sij tlir lir^i 
eoliiiiiii Afr irieasiireiirierAs iii ck^iWs of rribietioti 
of the viiiiid. as iwiifMiretl t.« int€imty of ofCrc-ted 

liy the ffartienkr |.mrtilk»ii. Tills is railed tlir " rrthiHum 
fiirlor ‘of I he pa,rliti 0 :n fsee p* CM I* 

If Imikling^'^mrd pnrtiimm on sI'ikIs an? i-oo!.. ^ * 
lliey ran lie rffm ti’e-i ly iiirreasrii in ti'isiilaliuir %iilyr 4iiilv 
by ijsirig them in eoi'iibiiiatioii with m byililiiig lilaiikrt or 
f|iiilt cA'er the whole mm of the slticls. In aiiilition | ir:i, 
i>f plaster oe thi? I'MMrcis will iiiiprcive iosiilatii*ti r\i*!j il* 
some tTiic'ks apfiear. 

Il k elear from the mI»vc eoEskicratioiis llial tlie 'Pmpmf 
0 f Fiirliikm.^ iinist Im* €s.>iisidereci in isroiisfie ilestgii, lirriee 
a biilidingdioarii an<l qtiili imrtiticMi is iisefiil in pliirrs 
wliere eorieersatkm aiMl iHifses only are tlie soui'iii 

.»nre« : they mill not serve against tones. , „.%t 

tlic other extr€*f»e a fkim wiill at least k ref|iit;r€fl to retiiicT 
tlic «aiiiid from an organ beeause where loud, low; tones mrc' 
eaecwiitemi weiglit of. wmliirig is esstmtial. In .lM»pitAl:s 
and sriicwik i|-ia»' solid briek W'alk iiia'kethe lM*st fwtilioiis,. 
In ticdels ticiiible pariitioris lm¥ifi.g a t-tii. and teif' 

s€|:mratecl by a f-iii. mr sfmee withemt %wa!i ties, aiicl wit It 
sorae aiargiaal ifisttlatioti, are ilmrable. 

In all partitioiis there h u Ims fjf ijjlik-uvy :-d!h imrmMe 
i)f area. This is owing to deerease in rigidity aimi increase 
of fliapliragni aetioii, whieh is 'by far the larfcsl factor in 
ordinary traiisiiiissioin Large arum partitions ran easily 
five a reduftion factor less ■ by 3 limbels a siaall 

area partition of the same' A cliseiissloii of 
tlic stiffness factor In .s©ii,iid l-ramsmtssioii is given,, p, 5i. 

Ariotlier Imfmftafil |»iat in 'soundproof parti! lOiis is 
the emiiking nr #e€lifig of A sash' wiadew^ vc^ry* 

^ See C, J, Moireaii, " Tlie . Smm Twi»fjil»%k>a in 

|«T, Tfer Mrefrrtifd 

to ttiii sliort |*Ap€‘T bcitk m mtmsM »f it« i^fal iwteiti ae4 m m 
t'mmpk of « aimirabir ef ptwAkml liiifliiip itrawa eiit 

of to a tlifteuE Monmu'i ileAtli at »n earlv 

Bge il fews tf> IfitIA taiiiB&Ml ' ' 
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5li"hlly c>|ieiiecl on a noisy street illostrafes the effect of 
tke air Block partitions are liable to settle 

slight i}« if riipidly erected, and leave a crack at celling 

SCH:NII INSU'UTION afforded by walls 

IGNORING FD^NKIXG TRANSMISSION 


Approx. 

iBiiila'Iioa 

m. 

Constmetion. 

: Approx. 

■ Weight 
; Ib./sX 

Condition in Fairly 
Quiet Room behinli i 
Wail. , i 

55 

1 

; 9-ini„ bric:‘kwor'k plas- 
tercMi. 

■ Double 2-ia. eimker 
concrete, edges of 
both leaves isolated 
by Lin. cork board. 
pfListered. 

l^liistered n>iiH board 
of wcmkI slm™gs 
bound with cement 
on wesod Of eonerete 
studs. 

85 

33 

20-30 

Ordinary 'converm- | 
tion inaudible. i 

Loud radio music 1 
and speech clearly ! 
audible. 1 

1 

1 

i 

1 » , 1 

4"|-in. briekwork plas- ; 

45 1 

!' 

1 Loud conversation 


1 , tered. i 


audible. 

! i 

S-la. reinforced eon- 

45 j 


1 i 

€:rete. 



1 1 

i ! 

Double clinker, 

: 33 

Radio music clearly 

! • 1 

no ■ edge isolation. 


audible. 

1 

Lath and S-eoat plas- 

17 ! 



^ ter on wood studs. 

j 


45 

- 3-in. clinker, 

1 

20-30 ! 

Ordinary conversa- 


e«»ierete, plastered. 


tion audible. 


1 

V 

r 

I 

20-30 j 



tered.' 

1 

1 



40 Slabs cjf wood sliav- 

1.5 

Loud conversation 

1 ■:! ings, bound with ; 


intelligible. . 

j i cement, plastered. J 



I 1 Unplastered ibre i 

,5 i 


1 lM«Ki on studs. j 

1 r 1 

1 j 



lewl, .&>iiad will ind its way throngb openings. ' Also 
II 'is aseless to put a dmt of ordinary type in a soundproof 
or to pier«' ttie partition with free openings for 
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. Iicit-itater pifM:^ anil veiitiktlor* dycts. in- 

ft^iiiaiioii IS eofisisteiit, it h not wo'rtli >p-en^!ir;^ . ;■ . ; if* 

f: % wimns (if fabru$ lias been i ^ ’ “ • ! 

iii ^ifiips arid ac'roplane^ with some syecess. It h tliilii/uit, 
bjwevrr, to apply the rrstilts to byildiriijs for m liiifiilMT of 
rmsom. In aeropbries the tlireshold iirw and I lie lotid- 
fiess levels lieiili with arc m high that they emi seari'eli 
he .!, and In ships t.lM*re k oi.-r.r r,i.!!y n tlirishoM i+f 

siistaint^d rfieelianieal noise whieh is takeii for 
iificl the* <■-■■.:: i'l-: . '‘rj has to 'seeBre only ii wdatm* 

of quiet,, i'-n';' :.i y:..jL -tepee of insnlation for lours high in 
pileli eiiii k* had by ply piirtitioris of fabrie anil iiiiilili!ig 
l»E,rd, separat.ed by air spares. A |mrlltiofi of tills kirn I. 

of layers of ini.ildiiig board treat eii 

with s|:ie€'ial paint and eoi.r fibre matting gave, on lest, a 
.fedttftioii of StI dfe. at 4IMM) eydes, hut only ICI cibi'at iW 
eyries.^ But a pi,irh of !MMI cyeles k only a few' i',filerviik 
below middle € on the piano, so timt a jariil/toii wtiich is 


1 ! 
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.. 1 . ill rases of tliiii double partition, where the 

eavity lias a liurd surface, a fabric fixed to the surface ini- 
pmvts insiiktioii by reducing air coupling in the interspace. 
Tills lias brf !i ffiiirid to apply specially to t he reveals between 
dtHiblr windows : and this fact suggests that it is enough 
to line the iiiargirial surfaces: but the absorbent must W 
tliiek. In double wall partitions it would apply to cases 
%¥herr a hard blo<*k m^as used and the partitions fairly widely 
spiiced. In a ti-in. air space only, betw’eeii ordinary Mock 
partitioiis, tests have not always shown a useful increase 
clue to an ivAvTiio^ed fabric hanging. But a loose absorbent 
toard in the ifiterspace has been found an improvement 
Dr. MSlier of Budapest says that in, his owm buildings 
.he sfiecifles ' a cioiihle pa.rtition resting on 1-| in. soft cork, 
with, 2 layers of a flb,rous board inside not fixed, to either, 
of the walls ; along the main walls the (total) partitioii 
is sunk Into chases lined with the same board ; at t,he ceil- 
ing there is agai:n a strip of cork, and the cove at the 
ceiling is niade of canvas and plaster of Paris. One of the' , 
walk, is of gypsum slab, the other of burnt brick, so thal, 
t,hey should not have the same self frequency.’ ^ 

FLOORS 

The ordinary concrete or pot floor will of itself defeiicl :' 
aga.inst a,i„r-borne noise but is almost transparent to impael,,: 
noises. The chief requirement to-day is some inexpensive ; 
structural, floor, combination suitable for cheap flats and ^ 
working-class dwelliiip. The 4|-in. ^filler joist floor /is"' 
c|iii,te iiiefficicnt sgai,iist impact noises. In Fitzmauriee and 
Allen (of. eil.) a useful diagram is given on page 15 showing' 
floors in order of sou,ndproof efficiency placed opposite thC' 
huilding type that requires that minimum degree of insulatiori. , 
Any floor fa,iling a'bove that level on the^ diagram should' he-; 
adequate,, any falling l>elow inadequate. Opposite and Just, 
above the Mi,iiistry of Health Departmental Committee’s 
su^eslions for working-class flats occur the following (and", 
in' each ease the floor specified ,is taken' as 'resting on' mm: 
adequate struetuml floor): (!)■ A 2-in. concrete floating" 

^ Milicr, 'C., * Exfwrienee in Sound Insulat'ion '’. 
lanuiry 18, l«6. 
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si}%: s I) - r 


'15 

i!wr rvmiimxd eenieial on ^ilk t|iiilt ixn'ff- 

%tnict.iifml iloor. I2i IHito, c>« rt*! gmy'^ 

4i%'er whol*‘ *;triicl'yral Soor. {^) TiiiilM^r rtift on I -in, 7 nhl-^%t 
€«!>*>. Jii^t Iw-low tiiat Irvel i>ri l!.i.t riiagTaiii ccFiir “ shril 
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7.— 1Y!«» ©f Mali WhMw»., |F«wi l’itiJi»arte« A Alim. I 

rubber 011 s|xj®fe riibl^r fmisli ■ t© tlie itriietiini! 

Tie raft i»rs are tlliistmtrf wit.li pemii^&tofi lit Fig. 7 . 
Tht iwr coveriag I© lie. eoacrete types emi M 

taken IIS linolciiai m a mmtw. Tlie illiist rations «liyw 
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till- tklVjit-e again-st bug cracks at skirtings_ and also the 
very careful defence against edge transmission. It is 
essential tliat the floating portion shall not touch structure 
at margins. A still more efficient floating floor is the 
‘B.B.S.’ floor already described (p. 35). This will carry 
partitions, and is used in the ‘discontinuous construction ’ 
recomnaended by Fitzmaurice and .yien. The timber raft 
on insulating cubes is more efficient if loaded by some 
means as in the case of Messrs. Cullum’s patent floor, and 
the loading prevents this floor from ‘dancing’ (p. 4S). 
The c>::.crk:.ee of the writer has convinced him that 
' kr" needs stronger structure throughout if in- 
sulating elements and heavier partitions are to be carried. 

True isolated joist ceilings, hung up on felt insulated 
hangers or clips, are useful. If not insulated they can be 
i in their effect. Also such ceilings require to be 

of iime plaster on wood lath, or of hard plaster on metal 
lath, a plaster board or building board ceiling, with skim 
coat, is not, in the writer’s opinion, worth the expense. 

The imulating of Umber fimrs (see Fig. 6 above) has been 
illuminated by some recent tests. Pugging was found useful 
if it was at least 20 lb. per sq. ft. in weight, tMt is to say 
about 8 in. deep on wood trays between joists. It can 
consist of weak mortar, or dry sand, or ashes. An insula- 
tion gain of 5 phons was obtained. This added efficiency 
is due partly to increasing weight and to reducing the 
diaphragm action present in all floors, and especially active 
in wood floors. It must be noted that light soft pugging is 
useless. 

A greater efticieney was got by placing across the 
joists a raft floor of floor boards on 2-in. by 2-in. battens, 
resting on glass silk blanket or eel grass quilt and reel 
naUed through. Approximately a gain of 10 phons was 

got by that imeaiis. 

When pugging pins raft floor was used a gain 15 ■ 
phons was obtained. It should be noted that a practical 
difficulty arises in that the floating |mrt of the flwr is 
liable to dance and must not be nailed through. 
fCMjiHis of mcxlemte dimensions, however, this difS'Culty 
■mm aTOidcd by spiking the Imttens into a stout 
fraiEniiig round the margins of the rooms, thus inei^sii^ 
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Iht wriiiliL but takirig rare not ta u|> ^?r’n * 

tiire ; I!if .glass silk, or kuikiiiig blanket, niu^t 

lip to iiriilrr side of skirting ii:i imler to tmim the i 

iiiSiiLitsoii, Tfii^ t:y|Mf of tk>*>r has done -^ua , 

in small liioeks of flats. The old inetliixl of 

joists brifiw floor joists is a tlioroughly iiMfiil !i itbiwl 

but is fiinre eflieieril if the mling Joists lw\r d 

beiiriiijrs, that is to say, if they are |iiner<l on ei*?k strips. 

In all easts of eeilirigs thick linie -mid hair pla-^ter or ileriM; 

criiieiil planter is more e.fl'lcie.rit than the wall 'board or fdast*. r 

iMmrd type. 

Irisiiktiori tcs^ts on woc'xi lkmr% fM'drit to iiuTease of 
weight afiil stiffness if is to l>f* effective. 

Therefore llwr joists^ in ti'a.- .. rd. •••:■'- optnioin rrf|iiirr to 
be heavy : the increase in rioi&e ecu'iiplaints m in 

recent years m partly cine to the light and 7-ifL Joists 
and to the actual lieiiding of fkws -iincler the load's acickrd by 
part-itions, thus i'nereasing The talilr 

overkaf sliowirif tioo-rs arranged in order of rlhritticy is 
'taken froii'i C. J. Morreiiu i&p, r^d. 


NOTES ON rnClOB FINISHES 
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liOrtfH CLASSIFICATION OF FLOORS 

Veif 
Simf 
¥lmh 


X'iwy 4. As L l>«t witli heavy pufglof (e.g* asfies, elinkeri, 
Flotw, : 5* As 1 , 110 pngglBg, boards "nailed to battens resting on 

tliick eel grass or glass silk blanket laid over Joists, 
li Ileintorc-ed wmeretedlcKir with or without linoleiim,. 

7. .Reinforced wnerete floor with any hard finish (e.g. 

terrazxo, tiks, magnesite composition, asphalte, 
wood bl€M:‘ks), with or without rigid filling fe.g. sand, 
difi'ker) txdw'eea straetnral flooFand screed. 

8, Reinforced c»onerete floor with bot^rds and battens 

: licifl rigidly to t.he concrete. 


Fairly ? §, WiKMi Joists and plastered ceiling, hea%y' 

Noisy i lumrcis nailed to nattens resting on thick eel grass or 

.Fioow. ■ glass silk blanket. 

j III. As"L with or without heavy pugging, pile «ir|Kd'on 
i thick nnderfclt. 

I 11. 'R€l,nforeed wnerete floor, pile €iifi>et on imclerfelt. 

I 'Reinforced concrete floor, boards and battens resting 
I OB pads of ibre board, thick felt or rubber or 'held in 

1 special cllj:^ incorporating resilient rriiitcriul. 

I 13. .Reinforced concrete lloor. 'boards and battens resting 
j m slag wool, cel grass or glass silk blanket. | 

I 14, Reinforced, eofierete floor, 1-in. layer of ' granulated j 
I wk, 2-in. concrete screed. * j 

. 13,. .Reinforced eon-erete floor, 2-in. concrete screed on 

rub'her pads, eel grass or glass silk blanket ' not. less 
*'»»*«• than 1 in. thick. 

IS. .As'i, 12, 13 or 14 with the addition of carpet on iinderfelt. 

Very 17. As '15 with the addition of pile carpel on underfelt. 

Quit 18, As 1.5 or .'IS with the addition of a suspended plastered : 

Floor*. ceiliiif . 

Two further ioors sbould be noted. Messrs, Cullum’s ‘ C.S.S,’' 

floor is a loaded board and batten floor float^ed on " isolators ’ 
of rubber or 0 t.h€r clast.lc material and resting upon an. ordinary^ 
strertaral floor. This is useful where a boam or parquet, finish 
is required, and when tlie lM»rds are nailed down over corrugated 
paper the floor is quieter underfoot than an ordinary board and 
Mtten Qmr, 

Where heax-y eonstniet.lon is required .for carrying in,a chines, 
as in the of an hotel kitehea, a floor of the type illustrated 
la Fig 7« can be used in which cement slabs are carried on imuiated 
sleepers aiiti ample space left for, the senl-ee pipes. 


I,. IVoi>d and plastered ecilin,g, boanls riallec.! .|o 

Joistj, with m w.it bout linoleum covering. 

2, Ai I, but with light: pugging |e.g. slag graiiulatetl 
mfk) betw^een 

:i. As !, but 'With hbre Ixjard or quilt l.aid over joists. 
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>1 i>*rmocrri 


It 

E,\|cii>ivr eii!!^lik>nin.g or semi-'eu^^.hkniimg ikmr tikslks* 
Of eork. Bte only ellieitnt if liiid m 
It' kii«l €m a lK«rd and iMilIrti flmir they m\h 

rrdii^*r fjin,ts|e|i Wlirre ^Ikl ih 

roiiNidrr»l>!i‘ rrdiielion of eaii l,«* Imil hy 

rnirnov of riiblM^r or mrk €*ar|»?t iilorig 

of "flib applies also l« mmkm aii?l lu 

liOsplhiK. 

T!ir ts^ioriiois lM:?iird and batten is 'vcry iiois^' uiicief- 




. ^ . ' • • .w4m 


y 1 i ucc^cttn 0)ii n 


, , sw.. 'ACj 

r-" 1 

mz% 





Fig. 7s.— licmsy .l*%cir Tyiie. 

fc'»l and h not stiilable for piiblie biiildtags. IVlii'fr liaj\l 
irear lificl some ii'ieas:ii,re of quiet are nwlecl, altcTiiatiFrs 
■arc* lino on rofit*rele, Woe'k, bitomeii c-ofirretcy and 

ispiialte. 


Boom AN '0 II’IX'MWS 

IkmrM leiMi to s^ppil seliciiieii ■ and require 

t© ■ earefiilly kMmted/ T'liey i-tould Im? %’pfi rated niiii 
:n©t c»ii:ic op|>osite or C>ii lii®' otlier ba^id ballbr 

d€»rs sliiittiiif oM m&my eoniitei and lobbies «» l« 

:.A'dTOr to s»ii»€ipr<M>f miiit fee heavy to lednee diafilirapn, 
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artiuB Jiiiil aKo must shut close on all four sides. A crack 
at groiiiitl level will make <o::iid‘]:Toof:ns useless, A grip 
lateli Is liceessary, as iu telephone boxes, to^ draw the d«>r 
tiglit* A felt rebate or double rebate, like an ice-box door, 
is iicH*essary : but there must also l>e a threshold stop or 
iMAii, Double doors are ifuproved by a wide space between, 
lined with felt, or having a thick curtain between the doors. 
BcMir linings must 'be carefully caulked to avoid cracks. 

Ifimima present problems of their own. Since glass 
is re'latively heavy for its ririekr.ess it is fairly efficient, 
as can be noticed 'by closing an inch of open sash window 
on a noisy street. Laboratory tests ^ on glass in a 5 ft. 2 in. 
X 3 ft ICI in. opening show some useful results. A single 
pane window of 21 -oz. glass gives an average reduction 
isictor of 28 db. : of |-in. plate glass 35 db. In respect of 
double wiotiow’s of 2I-oz. glass the wider the interspace 
the more t'hc' eH'icieney. Thus an interspace of 1 in. only 
gives 42 d'b., but an interspace of 8 in. gives as much as 
S3 clb. This shows that the air coupling betw’een the two 
glass inenibraiies is a considerable caiise of sound trans- 
mission, II fact which was noted also in respect of thin 
partitions : but in windows the marginal bridging seems 
less a cause of 'leakage than in the case of partitions. 

Gkim also transmits by resonant vibration, genemly 
at low and niMdle pitch, and this can easily be detected 
by touching a window^ pane on a noisy street wiien a tram 
or heavy lorry is passing. Therefore the true defence of a 
window is not its average reduction factor, but the reduc- 
tion factor at Imv and middle pitch, and an inspection of 
test results shows timt the plate glass is here the more 
cllcie-nt. Another factor, in the author’s vieiv, is the 
heaviness of tlie steel frame, and therefore the division 
into panes by added ■ window-bars. A sash ought to com- 
bine the mass of a heavy steel section frame i^ith |-iE. plate 
glass ■ in panes of moderate size, and this will be found to 
vi'brate proportionately l^s to the low tones of heavy traffic. 
The new Greenwich , Town Hall (architects ifesrs. Culpin 
& Culpin I has been defended successfully against heavy 
street traffic noise, including trams, by single, windows of 

_ * Davis and Morreaii, ' The EediMJtic® of Nofee la BiiiWiaigs 
Sptdtt! Mepmt^ Ho. 26, p-'lt. H.M, Statlcmcry Office. 
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fill** lii^vy The to Hit: advai'itafi: 

Ittiidliig lli€ paries in Itli setins iiidetertiiiiiJitta 
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Wirickiws ami vefitiktioii ar^ <*t>i3.i|'>lriaiijt*ain pruhlt;rii% 
where - . .T:.' is eiMieerritci If trailk* miisv h t« 

li€‘ exeliiilid wiiiilow's must be kept stmt, AttriiipS^ .d 
S0iiiici|)rm'jf wifidow's have been maclr liy liriii** in llif“ 
past, aeeoitspiiiiitti by cletenrbfted s-dvertidng, liiat thr Ini 
feroalns that a siuit keeps oiit thr mmiiuI k'i 4 U?*e 

it dms not fi¥e an air inlet. Ifi Aiiierieii thought lias kc’fi 





F a A C’ T I C A I . A c:* O i; S T ! € S 


:liiCA exiitt Miecessfiil -lAuA-proofin^ has been earried out 
hy etes^ifig wificiows air, r-r-'^v^iy eoiidi- 

liciiied, thmiigl! trunks brought down the flues from plant 
tm the roof, and de!:vrrin^ throiigh gratings in the breastiog. 
The air then liiids its w'ay out into corridor tliroiigli doors 
and ftiiliglits. fSee also section on hotels, p, 25.) 

Fmt and irnnk nmm%^ have been analysed recently and 
can be greatly reduced. Fan noises, in order of importance, 
are due to air eddies caused by excessive tip speed of the 
fan ; to vibration of the fan casing ; and to the motor itself. 
Tip speed ought not to exceed. 55 .ft. per second, and out- 
let velocity 12W to I5(>0 ft. per minute. The fan casing 
must: be truly rigid, or it can be damped by aslx^stos sp.ray 
or built in !a,iii!nated metal with a layer of felt between. 

* Super-siieiit * motors ought to be specified having tlie 
sleeve ty|:.ie tearing and not ball-bearings, and belt drives 
to fan. Traiisreission along duets can te minimized by a 
canvas sleeve eoiiiiection at the fa,n casing : but this will 
not serve to eliminate noise from a loud fan. Insiiiat:ion 
c>;f the whole plant ii|x>ii an anti- vibration mat, not bolted 
tO' striieture, is a vita! requirement, a:nd air-conditioning 
plant In the basement is easier to insulate than on the 
i»of of frame huiklings. . 'Noise of air-surge in duets is 
avoided by slow velocity {not more than ICKK) ft. per 
minute in a duet 8 to 16 sq. ft.') and by easy bends and 
stream-lining. .Drumming is avoided by using builders’ work 

* equable * eMri»te:, but a eiimate of .rapid day to dav sensation changes 
mmmi bj teiapewture sad moisture ^^ariations. Wten we close al our 
windows in the eoid snap® we ■ get from the coal fire a very rough 
adaptable heating and ventilating system. This is perfectly well-known 
to ter»iw who fmvr nursed children in nurse,ries with and withoiil 
«m! ires, and all night nur^ries oo^ht to .have grateS: and fines. But 
this iiicani that tl» cm! lire has a latiO'nale for this climate ; whereas 
It Is the throwing open of windows which upsets the air-conditlcMiing 
designer and makes diJffieult practical problems even more difficult. 
But here again some ciMtiiiOT.ishiBg of eat'^ories Is necessary. In 
buildings on city sites expmm to trmbe noises, thorough air-€3oadltion- 
in^ is nemsaiy to achieve thoro^ugh noise insulatiom In residential 
iMildtogs moderate centwil heating is desirable, supplemented by s-m&ll 
cmi or gas fires where required for health or '^ood cheer, but there Is 
ali» a category between toMe two which nequifes on aecount of no-lse 
Itifc * o|»a wiaiiow equivaleat ’ in intermittent ventiiation which I have 
noted above. Here, w ei«wl»ie, health conditioas in home and 
school are more Inifmrtant than enrafort ciHidItions in the coiiit'incre,iil 
building. 



aiiJ fur Eietai trmik3 ea-ti rctl'yctJ U]- *'s 

fvlruiibr 

A iriaiti veiitiktion tru'nk liarmf branch clut^ts ta 'i 
iiiiJiiluT c^f ;ri;r^3nfn-2 wwm can easily ■c^iniiii’t Mmini frura 
uiii- ruuiii to linollieT, anil the si mini of mr a^aiiisf tjj* 
^iirt^r'liii»ii of noise in a duel will not rttiiirt-' tnin^fjnssjrsn. 
Tlik is m iitilrl Ix'dnmim %jtli 

fdiaiirs, iii pmetlee riMiiim in rmirdiBU stndii.^s ;i«ii in 
liiasoriie IcMlues, The tmiiking rtmsi not I'sartition 

walk lietweeii WK>ms. It may l>e mx^mMiry tu liin* mitli 
felt the main trunk from which the bmncli duels te* 
lire led off : or a series of almirhiiig I.Ml!les m * siditter*^ ’ 
liiiiy l>e plaetcl in the liraacli ciucis. I Sea-* also sceti'Oit 
aihosT on hcjtcis,| 

;is with tnmks so with h^i arulrr pip-t te fudkiiet^: 
these must be pknned horiioataily mi to |wnitr»iti soiniib 
|:iroof pa:rtiti:Ciris on which money has teen ^ M, wini 
tO' pass through tlf>ors only in the shafts dt.,*»igiied for theiiL 
la cases of existing buiMiii..p noise is often feniicl to t>e trails* 
Riltleci through the ample i,.»p-v:'id!igs in walk liiii ,llcM.>n left 
tor pip« and nol properly ^»Ied m caulked. The twlcrt'tor 
or * broster ' yum. - mm a .source of .ii.oi;se in licatiag sysleias,. 
mud these ‘'I'ught !•;; )m sitealmad -have belt d,ri%^cs^ : they iniisl 
not. hare axle driFes whieh cannot l.» iniiilmted,. 


mmr .rncM.iiMa 

NO'ise in systems arises .first fro.ri:i rapid wm,ter 

s'clccity thfoufti small diameter pipes, not: streaiii-lliicd, 
a.»d liaxiBg abrupt ctisB.fes in dimmeter, together wilii lif 'lil, ' 
cheap taps and ball vah'-es, the parts of wbteh lead to 
oscillate and tmii.siii.it. a series dt smai iiii.piirts, Tiierefcirc 
ivelkiesigaed pCuiiiblng imirge diaiiifteTS and ea%y 

l»nci$ is a means of a¥oidin.g trouble. Ifmter .haaimcr cm:a 
be caused also by rubber washers to pressure lap aai €»ii 
remedied by reyhiting ■witb'leat^r w^msIifK, Amdhtr 
remedy is sometimes easily found by wl:"a:ci..»f tie prwiire 
of the house supply by a tnra of the isiain supply cock, aiid 

p,S|X 
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this principle eaii often be applied locally to a noisy storage 
tank or cistern. Special lemedies against water liamiiier 
liave licen desigiieck snefi e$ " air chambers \ ^ relief pipes ’ 
and separating unit's.^ The hiss of water ruiiiiiiig through a 
liiill vah'c can be preveiitecl by an extension pipe from tiie 
valve d: -c -L j r under wiiter. 

-n^'.-vc-s are conveyed along pipes with very small 
* attenuation k Attenuation is the reduction in noise in pro- 
{Mjrtion tO' distance travelled. Tests at the X.FX. showed 
that pipes clamped dose to the w’all transmitted less than 
those held away from the wail in clips ; also that attenuatiofi 
wm unaffected by filling the pipe with water ; and that, on 
the whole, vibration is attenuated in a lead pipe more rapidly 
than in a copper or steel pipe tested under corresponding 
conditions, X.PX. tests by the late Dr. J. E. R. Constable 
havC' also shown that serious noise transmission along pip^s 
emn be effectively reduced by inserting a length of rubber 
hosing in the conducting pipe : ^ but this must be in an' 
aece^ible place for renewing from time to time. It wm' 
found that to insulate low’ frequencies some 2 to B ft. is 
required : for noises like the hiss of taps high in pitch short 
lengths can ^be used. Canvas reinforced rubber is not m 
effective, but is still useful for the purpose. 

Now tlmt. wash-basins are provided in bedrooms there 
is still greater need for the proper planning of waste and 
supply pipes. For instance, if a row of bedrooms used by 
muTses on night duty are furnished with basins on the parti- 
tion walls, 'noise is likely to be transmitted freely through 
the partition, and sleep is disturbed : but if placed on the 
'main external w'aU, and pipes properly cased, disturbance, 
can 1 » gfmtly reduced. , Thin partitions can easily act m 
aii3ipifi,ers of noise conveyed through pip^s fixed to them. 
Ile,nce the need, for well-planned cha,ses and shafts. ' Bui 
in ' high buildings t,he chute of water in w^aste pipes down' 
shafts can cause eonsidemble noise, and the shafts in such 
cases require' to l« 4|-in. brickwork. Flushing cisterns also 
ought not to be fixed to light partitions adjoining be^drooms 
aad Ilving'-iwins, It should be noted that in W.C.s the 

’ S«e' Cteverdoa. lOBV, p. 25 - 

* C€a»lable, ‘ The Pre wntim ot the of Sotia'i 

PIpwy JF¥oc. P%», Sm., 1«8, Vol. 50, p. '500. , 
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mm 0f lliisliiiif eMi ht avoided by using a sypkciiiic pan anci 
.reliable hw level iu.sliio.g ei.stem. 

For methaiiieal equipment noises see akive. th 26 and 
p. 52. 

■ELf;CTEI€.AL EQU I WmZ\l 

Clieap e.ieetrieal te.rids la lie noisy,. In flats 

a chte.f caii:se of complaints is tlie make aiitl l),reiik rk^etrie 
.lighting and ii€:ali,fi.g switches pkeed m:i thin |;«rt„i'ti0:ri,s. In 
5ifi alternating eurrenl .supply a “ slow break ' switch cmi 
!« used and ca,n lie made v. : ::y., ^ v!> cpiet : or 'p'lidant 
switches as used in bathrcmim eoiilci he more wii!v!yc?np!0y?:d,, 
alteraating supply k very noisy w',fe*ri for 
fans,. doriiestie iiiofim. Also tlectrii,* 

ref rigera tors ought not to k placml, mi fiarty o" ^ 
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ACOUSTIC Til KORY FROM OBSERVATIONS 
IN BUILDINGS 

IK THIS book we have plunged first into practical problems 
known to builders who may have only a working knowledge 
of uTOustics. But from that knowledge some generalizations 
can be made. If we should strike with a moderate blow 
upon the centre of a matchboard partition, then in succession 
upon a 2-in. block partition, and a 9-in. plastered brick W'all, 
we should Hear a pmjn'essively duller and less loud response 
in the room itsf-'f. Bii- so also would any listener on the 
opposite side of each. This loudness of response is due to 
drum action or flexural vibration of the whole partition, and 
the response heard in the room is clearly related to the trans- 
mission. Far the lai^est proportion of noise transmission 
in buildings is due to flexural vibration of both walls and 
floors. And flexural vibration is a function of stiffness, and 
stiffness is a function of mass and oi elasticity. In oar 
present state of theory mass is taken as the significant factor 
because it is found that hmogeneous walk defend againM 
imnmusion in prL'p'-dion to the logarithm of their weight per 
sptare /oaf. This is called the mass law or mass curve. 
But it assumes partitions of equal area. But it is found 
also that partitions of the same material transmit also in 
proportion to their area, ^ that is, in proportion to their drum 
action or decreased stiffness. Therefore stiffness is funda- 
mental to the problem. A rough measurement of stiffne* 
is the relationship of wall thickness to wall area ; the less the 
thickness for a given area the greater the drum action: 
and extended studies on partitions of different areas may 
make stiffness the significant factor in which mass has alwap 

1 Test* at tl» N.F.I,. showed 5 db. dmease in the redurtkm iMt«< 
fat all frequencies as between tiw smaller test panels (5 ft. 2 in. x 
3 ft. la in.) ami the larger (10 fUxS ft.). Iftnwhf of He^ 
n CmOnKthn of Fkt$ far tke Working Cbmet, 1937, p. 43. 
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c%e tixiiig* and tlie >^ii?ui!k\air'? i4 stiUm^^ h*^ 4 r 
l>trt‘ri i^Hvi^ag<4i in the stateriieiit by Fit^.inaiirir^^ liri^l Ai!<t 4 
#|af>ted iilxive (|i. m% to the effret tbit the aitilify of ,ifi 
ttige fixing to transmit the Inmdmg raii*»4*4| In 

fkx'iiral vihraticm H a measure of its i , ff so iiHnUtiosL 
FIciors presefil even iiK»-re .niarketi of llrxnrai i,iiinitii*ii 
Itiaii partilioiis. It m fo'ii.ii.d in BCirne thdt Ihry 4 |i|rar 
to Iransiiiit more noise. to Use nmn bFim* thhu h 

recorded .in the room atove. .probably line lo the fuel 

tli&l tliey are stressetl cirimi areas, .on aeeoiiiit ©.f their own 
weight, fiRci are often o.f large extent relative to their tliif^k- 
I'tess, In inipaet noises the problerrs is ttwiipliraleil by tlir 
..fact tliat vibraliofis thit>isfh m&ttfml me a.t:l4.lril fo tlie ilriini 
iictt 0 ..!i of the wall m a whole. I.ri mtAmint mnw flexural 
vibrations are a large factor, ■:•••;• •■! .”.. in itie case of * bix 
remnance ’ (see .It is m^i:>;ri..is noting that as liye-kws 

frrriiil. t,.liiniier . and more* highly st,re-s.s4d .stritclM'K* oiir 
tioise prc>b.leiiis li.ave inereasid. 

Again we observe that low-pitched, 'vibrslkin and noise 
ciKcites. s.t,.m,et.iire so as to he fell, witli the Imiifid .hut that 
4 -4 noise does not, .And. this k cd>vm».ly relsteci 
to ttie," fmel, s.}iowii by. kboralorj i.t % that, ilic 
.wdticlioB factors of pa.rtilion.s'€ief»reas€* in %'aliie m we test 
Miles lower i.ii the smie, 

A.lso we fmd often that a single insistent low' tci nikldle 
,iiot..e wil mme tliroiifli the -paMj wall ffoin a player iipcni 
the ' other side, wliscli sn^ests that walls and flcMirs, like 
vi.brat.i.iig plates in a laboratory, have a ‘ ,res|»ii.se ' 

at some regions of pileti, al whkli they react to soiiiicl ciieii^gy 
more strongly, Now this t toi -tU- of a vibni,tiaf plate is 
ag * resmmme \ and' its liability to rw,‘|M:«Ml 
; ;Ak'44l:y at a limited repon of pltcli ,ts s|Ki-kffi ©f ,ss 

* I fiwt iralmecl llie Imi^eation* ©f * ^ tn ii%»n fully, wif a 

measttrinf up St. W«lmj»tef. witb J. W, 

We fftiHM »l tlw opntk ®f tl» t« hmm ef tbf roof 
nwctiaaieEl pkked up, throe^ ^^mSa^tkm 

WcslniiMter timfflc mi togely T!>»^ 

mUmt 0f mwliiiiiwi iiiimn ife .b t© «l«it tlriirtafe' 'rfl ti» li» I© 
uadefmed vibration, wMfe at tlie mam tkm pieth* 

rtdaivs dtmcissMW ftiwctiiTr aiow 

IfaMf tlie vwy comiistsMi bwvIs^ awi of iMii fI tkr 

top of liigli foiiiMift^. 
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^ ^if resQumiee \ Also it has a r-vris.'-'^ 

ii;il)ility to absorb energy at that pitch only, thir., 
riillet! *its |>c)wer of selective absorption. A large sliirig 
criliiig to a wireless studio was once fomici to absorb sounci 
so niiieli at a particular low pitch that it had to be divided 
up into separate sections in order to reduce its selective 
absorption. Another property of resonant materia! is to 
reiiiCoree or amplify sound by adding the energy of its natuml 
vibration to the vibration of the source. It then transmits 
sound more loudly : and in addition tends to reinforce sound 
at that particular pitch in the ' room itself- But some 
iiiaterkis have power to respond less sharply but over a 
fairly wide range of pitch. This is called * damping It is 
these materials that are valuable for musical purposes and 
w'ckkI is the w’ell-known example. Hence the use of wood both 
for musical instruments and also as panelling in concert rooms.' 

The term ^ resonance ’ in rdiysies is confined, as to its; 
umge, to the reinforcing of sound by this sympathetic re- 
s|Wise, but in fact the same kind of response is associated 
.with all flexural vibrations of structure, and in buildings, 
as we have noted, is a prime cause of transmission, Besponsc' 
implies absorption of energy" and also transmission or re- 
inforcing when amplitude of vibration has built up to a' 
maximum. 

A,gaiii we note that extreme cases of noise transmission 
mem between bare rooms having hard surfaces. Here theory 
tells us that sound in the room of origin accumulates 'Or; 
builds up to a maximum by inter-refiectim between 'opposite 
pairs of surfaces, and produces in the room what is knows 
as tmtfb&rMim* The bare room act.s in such a way as to 
give maximum effect to the sound energy within it. Also 
the voliime of air contained in the room may act as a re'SO'Hator 
and. at a particular region of pitch may reinforce the sound 
m the same principle as does re.$onant structure .('discussed, 
above). This response of the contained air is spoken of aS: 
‘ boom ’ or ‘ k>x reso-nanee- .and is noticeable in bathrooms...^' 
Then, if the room has a thin partition, these eombined fact'Ors 

> It k sametimes found in small reconfing stU'diew and is .diffioiil 
to Mattery. AJm it is related to the phenomenon known as ‘ tite note 
of tite 'Chuitii 1^. Bagtaal and Wood, far Gmd 

p. SIC 





muy vAViMt ilniiol'iead action of the fMrtitioiE ajol i\!fCTM»‘ 
triiin^ini^ibri occurs. As our !/.; cU^,rt,w4sj% 

privoto^ oiliees, approach * bathwm tlirou^di tfc* 

SHC of hiird plasters and !lcM>r finishes, m thev ;dl 

the ainjiistle plicnoinciia anti prixiiia* ever mmt yncoifih^r!* 
able wjiiclilioris. 

In Fig. S the facts we have ni>le<isrc illustmled diaeroin* 
niiitieally. Wlim sc^und strikes a wall lm% fi vmr^y 
by , and liy tmmnmsmn, and the rrriLaiiiing 
energy is refleeted. In (1) h shown a Ci-in. hthk mall iti 
cement, plastered, refleetirig a large of 

lieiiiii fiilliiig 'ii|M;>r:i it and traiisinitting oniy a very Mind I 
fraction. In (1!| a fMirmis iiiaterkl like a weak lirerle bicM'k 
iinplastered, mith many cracks, is of the 

soEiicl through a;r ..hmfhmg some in the Interstices 

of the materia! the remainder. In |$j a 2-iii. 

light bloc^k piartition is triiosiaittinf by flexural vihrstioii : 
here experiiiicnt s«niis t.o show tliai if a Imifii of fsoniid is 
fcKmssed at an angle upon it, as iilnstraled, there is l»t:h 'iM;*afn 


...J „ 1 * . JL. ' .11 



of energy i’i 0 ri!ia,i to the resonant surfs'cc i'S re|irescBied l>y 
arrows here as in (3). In {6) reverl«ratl€i,ii is very rotiglily 
represented .filling the whole room with «>««<! and huiMisig 
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ahscirpticin of the building over the iimsica! scale can be 
com pen sated for in the instrument itself. In the case of 
a iiiiisic studio the studio itself must be designed to give 
approxiinately the right absorption at treble^ middle and 
bass to ensure the proper reverberation over the musical scale 
and tJie proper balance of tone for average instruments. This 
too is the problem of the modern concert liaiL It is further 
developed in Cliapter VIII on designing for musical toae. 

Lct us at tills stage draw a distinction between that class 
of problem in which " reverberation ’ is associated with noise 
and iindesirable conditions as in lecture rooms, living-rooms 
in Hats, ete., and the class in which a carefully designed 
reverlwratioii condition is aimed at as in concert rooms and 
music* stiidios. 

We are now in a position to define more carefully some 
acoustic phenomena with reference to the behaviour of 
sound in buikiiiigs. A vibration has two important char- 

which is usually defined as the number 

of vibrations |>er second, and ampUiudt which is the maximum, 
distance t,liro«gh which any point in a vibrating material is 
€iii|daccci from it,s position of rest. If the frequency of the 
viliratioa Is increased the pitch of the sound will be raised. 
If Ilic amplitude of the vibration is increased t,he ^sound wi,ll 
teiouderf* 

Re$mmwe of Mmeture might be defined broadly as its 
reaction, to 'Souad energy through flexural vibration. It is 
defined by Fitzmaurice and Alien as follows : 

*' Any biiiMIfig element., be it wail or floor, when subjected to', 
some disturbanee such as a sound wave in air or a blow, tends, 
% vibfate more readily at certain frequencies than otheire. "Ric 
»owest frequency of such vibration is termed the ‘“natural 
frequeney oi tLe :»tTuetare, and the range of higher frequencies 
corresponds to a series of vibrations which are multiples of tM" 
imtiiml fi^queiwy. \\Tien the frequency of the sound wave in 
air impinging on the structure oirmponds to the frequency 'of 
the structiire, a state of resonance ’’ is said to exist ; and less 
sound energy Is required to build up a large amplitude of vibration 
in the structure. (Vnsequently sound is transmitted more readdy,’' 

Box resmmrm is the reiu,forciiig of the source of sound 
m a rcwiu by the natural frequency ,of the enclosed voluiite''^ 

of air in the room. 

'5 Fi.t,Mi:iaurice and Atoa, .ct#„ p. 2. 



AClit.\STl€ TliEOlir 


Hi . trm rmion is the biiiidirig up i:>f simml ^ 

III a n will U> Its iBasimiiin *t:li€rgy^ik^r^^^y " by 

! ■: V. :-.■ * its dyiiig away thr Irn . 

r;. ".. :/ ■ . '‘an Ik' ineasured by tin" liriir- i>t‘ 

airay in h«^c*.4>iids (srti tliapt'er YL). In tsnmiwii purlaniT 

tlit* trnii rt*scinar:iee Is oftm as€*d rt^vierN’rat'joii h 

hittmhiL 

Jks^ifpiim at th«^ siirfaee ui a >t met lire is the raw^-Uig 
of soiiiid energy at that siirtaee. It k mused by traiwiiiiss^oii 
into the striietiire or l>tyc#iid it, ainl al^j by nenvrmeiii itito 
beat by dissipation in. the mtemtiees of the striiidure or in 
overcoming tie internal friction whieli resists vibriitiofu 
D.,.,. ■, can be defioetl in general leriiis m the frirtioiial 
resistariee of a iiiaterkl to vibration ovrt a rafige of fdirh. 


rNITS OF MEASIMEMEXT 



!. Lv ' e n ':l L 3 r.: ..al er-t : a: - m- > ' liiffrrriit fri.'t|«f m »l% 

m'il not mum tlie «i»e in tlie ear. i 

i|»ei3tly different malts mtt for ; tl» «irrg’3' a 


H-i. 



mi Ncte la , |i. 

S' :, M. II.M. < >lt^# < , I 


'm iliort cl«r pRfse»t»ll*» ©f 
W©«Ff 4/9^1 iff cf» Blaekk^ Itt' w.. L 
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mid ti'ie loudness. For expressing tlie mecimmcai energy 
of a vibRitbn, or sound, and comparing it with that of others 
of tlie ^aitie tv|M? the deciM is the unit employed. F^or express- 
ing thf !o«tliic*&s sensfition in the ear, t!:e unit employed is tlic 
plmu, . . .. TL.- ; i . v, the smallest loudness change 

wdiicli ‘ : 'V ■■ -iv eonditions. A reduction 

of loudness of 10 plions is often subjectively assessed by an 
average jierscm as ** nalving the loudness for sounds of mediiiii'i 
pitch and laiidfiessd ^ 

The cleei'kd is therefore a unit of energy to be measured 
on an iiistrarneet ; the phon a unit of loudness as perceived 
by the ear. For sounds of moderate loudness, and pitch 
mumd about lOtKI eycles, decibel and phon are the same 
standard and Uih represent approximately the miiiimum 
ii'iCTease of sound the ear ca!i iietect. Ana where noise 
iiiteasureiiieiits of the insulation of a wall or floor are made 
by eoniparing energies measured on the source side and then 
on the ree-eivirig side, that is where they are iifferemes 
between ineasiirements, it is clear that' either unit can be 
used. Therefore we find the reduction factors * given by' 
partitions or, floors (see p. 42) tabulated as in decibels or 
in phons. 

The, table opposite is a scale of ordinary noises in phons, 
selected from various authorities. 

Thus twO' unitS'— decibel and phon— enable us to observe 
■quantitatively and to relate in our minds measurements 
of sound energy with their loudness equivalents assessed by 
the ear. On tli sensation scale we tend to take the loudness 
of the speaking voice, about ^ phons, as a reference, and 
we implicitly compare an interruptive noise to that reference 
when we say ' I had to^ raise my; voice ' It should be noted 

^ Scientific deflnitinns «f dmbel and pUon, arc as. follows ; 

Bfcifeei Two sounds of tlie same €Uam.cter and of intensities I and 
la (mtnv \mitn) differ in intensity by n decibels (db.) when »=10 log» 
A of 1 db. is a rediietlon of the mechanical cnei^ in 

approximately the latio 1*26 to 1. A reduction of 10 db. wrresponds 
to a redwetlo'ii of the meehanical energy to one-tenth of its original 
\aliie : a step of *4 db. corresponds to a reduction of one-half. 

Pkm. A sound is said to have an ^ equivalent loudneffl ’ of n phoM 
If the somnd Is jiMi«d by a nonmsl observer tO' be .as loud .as a 1 0.(30 ej’cle 
pit* tone of which the intensity (energy content) is n decibels above 
» li»d zero wMch i» almcwt identical with t,he throhold of iieariiig,; 
namely 0-1^2 djmm mi square centiuKstre* (See BrUmh SteaArrf 
0©fii?fy #/ Anmstiml Terms and No. §61. IftS'i-.) 
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tiEit speech is O'ftcn down to -I# m 5il phym tiim :ulh} 

tmd that iliK is one cause of aeoustie c: LuUd- 

spt^akers in tintim theatres zw up to 7^ or 75 fpiosrs. 
l*r»nftTt riiiisir Iraversc^s the mdiole bydness srale lit 


t^liiivaleal . 

llmmm iiiii Lo«i!ltle$. IjCMrfse^ ; i'M:mmMm Kmm%. 

In FImmm. 



im^ 

im 

.Boiler Makcfr's Sliop . 

litl 

Xo»y TuIm? T:ra:i!S 
Aeroijliioe Csibiii . 

imj 

\A?ry Noisy City Street 

m 


m} 

Ttiealrfi . 

Average City Street > 
Noisy Offlw* . J 

7« 

.Ecjoiii with Ontlnary'"-: 

Conve'imtion ,« j 
Quml Street . . [ 
Tmia Wiiiflc>wsClw€*'<l j 

m 

Quiet Oltlee . . 1 
Quiet Restaurant j 

m- 

Quiet Siibiirhan Street 
Garden 

m 

m 

m 

m 


Thrml^i of Faifi, 

'X©siv Aeror^liiir limtm nt 

Wft. 


''Pmmtmth- llrlil iio*s|rR4*rfl, 

' Noisy i ar MoOir 

1 Bik*. 

i Espre«i 'T»ia 12 ft 

f i^aniatic l>rill 
I Motor Ilcwai,, ijMid Mmar, 

4 Acwlrfsliiif 

I Ix«d llailk# 

Av ■■‘I .r, 

N' 'V.:,. — ■•:■ 

L lA.:. : 

'Nonaa* >;-• V- !,•.■. 

Noisy lU.i T./.. i 

r Saifjoa Car. 

1 Vppti I-tfHlI ©f licuswlKiiil 

[ Newe. 

hm$ Mad® iSem*. 

Awra^ ,II©if:i«iic N««, 

U:.A..v ■- r’ - 111 Slight 
jBreeite.. 

■A|3®»MitmSe TIsfrflicikl ui 

A.firiihllt5e 


delicate pianissimo of strinp to elfeets of IC^ phons nr itirire, 
siieh as are achicFed by a "refiHiemtal Imnd r'/'-f r c 
Tscimikowski’s ‘ 1812 5 OTeitiife witii MUgai^ . : r / ‘ r - 
and rockets. 

In threshGld mme we note' that c eoftdilbns 

W to 4f , and a noisy eity o^ee m iniiel! as f II. • TIitoIi- 
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old ’ lias already 'been referred to (p. 8) as the familiar noise 
of ordinary affairs in a room, to which we grow* accus- 
tomed and of 'which we do not as a rule complain. Amioy- 
aiice caused in a room l>y a particular intruding noise through 
a wall or floor largely depends on the threshold noise already 
existing in the r<K)m itself. The threshold noise mash some 
of the intruding noise. Now experiment shows that very 
roughly the i'litriidiiig noise to be noticeable 'must cxime 
within 15 to 20 dK of the threshold noise : if it is less it is 
v.?nree!y of aeeoiint. Thus an office having a threshold level 
would not not'ice an intruding noise unless it were' 
lit least 50—15 =S5 db. ; and if in that case intruding nokes 
of 8(1 cib. are t.o be defended against they must be reduced 
to at least 35 db., on the receiving side. They 'will require 
therefore a partitio'n givinga reduction factor, at the appro- 
j'>riate pitch, of 80 —35 =45 db. This masking level is clearly 
of practical irnporta'nce, because where high masking effects 
exist 'pera'ianentiy as in an o'ffiee building, or elsewhere, less 
efficient partitions are required. But masking cannot be, 
relied ii|K>n if it is not a sustain'Cd noise. 

The masking level generally found in rooms where mm- 
ditio'iis are moderately comfortable are as follows : 


B.ecor€!l:ag Sliidics for speech 

10-20^ db. 

„ „ „ music 

20-25 db. 

Hotels, 'Flats, Houses 

20-30 db. 

llMpitais .... 

15-i» db. 

Tfieatres, Ch'urehes, Schools 

20-30 db. 

iXriernii Tlieatres 

30^ db. 


SCMOdb. 


Finaiy, the units we have been cons'idering enable us to ' 
set a standard mmd source when we measure and compare "' 
the reverl^ration time in secon^ds of one room wdth that of' 
another. This standard is taken as 60' db. or approximately : 
that of the speaking '%mice.. We can then define the reverbera- ; 
t'ioii time of any imm as the time in seconds that a sustained ' 
tone of any given pitch takes to decrease through 60' dk 
from the instant the source has ceased. Reverberation is,, 
diseussed in detail in Chapter VI. 



IV 


OF :i,v BriLDIXG TYPES 


nrsiiNT, THE last twentv ymn buildinf typt"* 
(•hai'is<-‘d : ^eoustie studies liave contribuled to this clsange : 
also ric-TA types have been added. What do the results show 1 
Cmndl thamhers have greatly improved : they .w u.'-rtl 
for debate alone, they are brought iiader real eriticisiii, URtney 
is readily granted for carffets and sound akork'nts. New 
leu wuris are less fortunately found : but are now ktter 
defended from noise and more reduced in r«*)i.f>ert 

of reverberation ; but many ok! bad eourts survive. t««- 
millie room are not nearly good enough : real vare is not 
taken over them. But committee rooms arc the hraiti «lls 
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with iBUbka! taste. London has not yet a hail equally good 
for first-rale choral as for first-rate orchestral music. In 
tlic inter- war })eri 0 d two fine old concert halls in the pro- 
linces have been spoiled for choral music by ignorant 
alterations by architects, and in another city a new- hall has 
Iwtn built so** poor for instmments as noticeably to handicap 
the ffiiisieal activities of the city. We shall see also that the 
rii«lem feii-sha|>ed hall has real defects in respect of musical 
tone. 

Churches have slightly improved but on no clear prin- 
ciples. Diocesan committees tend to live still in the era 
of the Gothic revival as far as acoustics are concerned, and 
do not realize that our problem to-day is to add an audi- 
torium to a shrine. The pulpit is one of the few remaining 
Imi of personality, and the preaching voice, unemasculated 
by iBechanisiB, remains a means of direct communicatlori 
of the Christian spirit. The voice shows the man. The 
shrine must remain the focus, but re-education in Chris- 
tianity must also lie by the inteiligibk word — by lesson and 
gospel and vital preaching. Since churches present a series 
of p^TObleiBS of their own — important from many aspects — 
a c'hapter h given to the subject. 

Schmk have been left empty, swept and garnished ,by ■■ 
tlie hygiene ex|)€rts, so it is not surprising wx find them;: 
occupied by the Seven Echoes.^ But now many architects 
wish to prmide humme condiUons — home for the mind : 
they have often to fight with their plans committees for the" 
riecessaiy small expenditure, but they think it worth while. 
Curtains, pictures, absorbing ceilings in classrooms : the 
hall treated with some absorption to make it tolerable for 
use as a cksaroom ; floors silent underfoot ; these thinp 
are recogiii»d. 1 do not find, however, sufficient reeO'gnltioii 
of the function of the hall stage and its double use. (See 
p. 103.) 

Technical Cdkges in many ways are the failures of our 
t.ime and need a new attitude on the part, of designers if they, 

^ Hygiene is made for man. It must be noted that ehildrea arC' 
fwovided with labomtoiy conditions in sdbools — hard floors, tiled dados," 
siraplte «iliags — but in the eiHenm are allowed to sit on mrpets «ir^ 
roiwled by uphofetery wad airteins. Also we know that with vacuum ' 
eleaniiig the eiiiema theatres are not in fact sources of Infection. 



u;!Tiy>’}.: OF 'MODI: ns rirn. niso TTPf> 
j t'H.oijtin t.) |nn'‘m'i3 even tkif kthnicil hiKU'^'u 

.><■>} |v 

f>l' ti,*' i,ni- typrf 0/ lnuldifig the iar^'e f^hi,hjfr?!i hnlL 

caittn ii liHii, hath'* his!!, rdyiiig oii s.innof 

k (IfM-riiw.d ii!. «.K‘n-s.slii! ; they pre^it ver)' siill’eylt 
priibleni'. fp. But the developmesit of tlit iini'.r 
ri't'orsliiii.' jii tlte dirn'lssjii of gos^l wwieert fall ifarHl- 
;!ri!> S', -ii'.iii' ..* ■* . Tlik is i» I’hapfst V|||. 


("LAswjnc.tTiON OF ACOlSTlt' fi,F'Ql'i«EME\Ts 

IVe ran roughly classify auditorium design into that tor 
''['■•eaklr,': voiw r.’.ydrerrsrn!'. and that for musical w:|uirit‘» 
meats. In the first class conic eouacii clumbers, 
rooms, law ««irt.s, etc. ; in the second, conart balk, laisk' 
studios, ojicra Itoiiscs. Wbsff aroustk* combtions can k- 
limited to one of the above st?ts of requirsmif nts aisaislic 
design is >truii]df',;rward. It is worth noting that, m tlw 
past, stringent limited requutments kve in fact praltiwd 
fowl acoustic IwiMings, by rule of thumb design ; as. for 
instaiiee, for music tk German micert hall and Itsliaii 
opera kwise, .and f« spwth the Eng&h House of Iobitoiis. 
Bit to-day the tendeiwy is to demand halb for ail possiMe 
Tkn it is argent to extract from buiWiaf w®- 
mittces the cliief rquirement and put tk others in urdtr of 
i!ii|K)rianee. This applies to a large class of wk'li town 
lialls, asM-mlt-y rwiiis. canteen halk, cxhiliition hills, etc., 
are examples. 
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DESIGNING FOR REFLECTION 

RELATION BETWEEN’ KATE OF SPEECH AND BUILDING 
DIMENSION- 

LET US get a picture of what is happening when someone is 
speaking in a room. PubUc speaking proceeds at the rate 
roughly of 120 words a minute. That is 2 words or 4 or 3 
syllables a second, and we must include in this the sellable 
intervals. Careful speakers go slower, players on the stage 
often go much faster : but we can take that speed of 120 
words {ler minute — the efficient shorthand speed as the 
averase. A syllable then lasts for roughly -jth second. It 

consists of a vowel 
which is a tone, 
initiated by a con- 
sonant which is 
an ‘explosive’ and 
gives the character 
to the vowel tone. 
The consonant 
part is much 
shorter than the 
vowel it characterizes, but we can think of speech as a series 
of |th second sounds, divided by a time interval, rapidly 
following each other. Now for articulation the time interval 
separating these sounds is as important as the sounds them- 
selves : and this time interval is physiologically the shortest 
inter%-a! perceptible by the human ear, namely, roughly ^th 
of a second. Speech then is a series of ]th second syllables 
each preceded and followed by a time interval of ^^th of a 
second. The time interval is of course varied for effect, and 
in good reading the ends of sentences are marked by long» 
time intervals. The diagram (Fig. Sa) illustrates a sequaiee 
of four syllables. 





Fig Sa* — Syllables iilustxated. 
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sylkiblt'^ §'iut in iill dirrrlii>ri'' !T<‘ni ,» 
They are refit'Ctct! by Ih^tA itr, 

1 lirrtlMfr a li,‘^trntT t.s Ireann.^ ne?t flit ilirt'i'-t -%oiiinl 
Ill ,acliijt!^:>rL ii nufii'kT of ndleeteii ?4i>5iii4s, Aiid 4" 
suiiikIs frdiow rarli oth^T ;il Ikmii r*ne-twrut^rth of ;* 
Nm>nii ■ -tiie ^lM,>rtc*st v-t-r-;-- ;. t time ■iritm'al- they will 
idn'kiiHly iiiJpar tc* murid tr^rtm^r mtfAi mill frnS>fir cart 
idher ; but if tiie relleelkm^ ’Should folbw tht 4irtvt >4Mif;d 
liy tfiari oiiedwentsetli of a lliey will 

to prolong the sauiid : aud if by luueh ttimt, a refill! 
or et/ho* iiuiv oc*eii,r, 

Xtm” M}iiiii:| travels in air at ordinary tefii|^;Tatiirt'H, at 
ab>iit feet fmr mwfm'I*. Tlmirfore in i»iir4»'r?ilie!l3 

itf A MTimtl it m-i!l tTavel Eppm^iniatrly m feid, Thereforf 
if li ndlretiiHi foiloW'S a ciireet maiiid alofig a patli Irw^grr 
iW fret tlif slicrtf^ T'-.cf;. ..q",! ■■t-lo Interval will In* 
and sc'rtiiicl mill teiMi to li^ pro!^-!>-L:o-!., 

Thbiki'm k tiM miiM rdati&i$Mp kiunn lunr rkmfiit 
.tfmeh mid ike .fpme ekmetj e/ b*nkU$ig mpm Si/im/i #i kir^t 
|Mrf €if bniiding mmmiits (It was first eiiiinoiAted b} 

Gwiiclet in liis on the M'kmmU anil Tliairy of 

Arcdiiteetiiw at the Art,.i Sch^ls in ¥mm. } 

In wcli^ctesigiied lialls only tb©^ reftf^'lions utoiild t»' 
alkiwed wiiieli fonghly wiaeidc* willi, iwtil rtiiiforer, ttie 
direct s©'iinfi. We %lmmM get lliem I lie iiripfes^iofi of 
plus distiiietiiesi. 'Every me. 'knows cmi the ofiMT hand the 
of the Tepftitiv^e eeho 'ia large timlls wfirii tlie rrtlertwMi 
arrives one- fifth of a second after l.lic direet. Hut the riiiMt 
fitFqweiit case is that which |«st rkvses tip the one- 

tw'ciitietli of a scwiid iiitm’ml Ixirntm syllables : iim nfhm 
happem im rmm^ dimemmm. iike hr^e emrmiiifft 

riMifii#. and eaii mum the extreme eases of ur.::tj!!irib:!i*y. 
A short loud echo filing up the syilaMe .4 !-■ ::y t-/ 

dsngeroiis than the faiist kmg eete* rasily drowrieil c«it h% 
the direct sound* 

In praetice we cifteii tlad. Ii»t feat side wats in very 
wide halls have a flight :r:r-r cf due to rettcftiofis 
from frrtiil «cle walls ; s:.-::: m-o .i>..vvv' tittil rriletikm^ 

* A lertum iiteetmg eimmid- metg^ k giveii l*y lb?* Iiiariarj 
bmt il m mA m»fij m gmmt m th«' ’ ^ of • 

iptaikfn. 



FEACTICAl* ACOUSTICS 

from the Kfir wall — remote from speaker may cause echo 

in front seats. This is illustrated jn Fig. 9. Here two 
reieeted ravs of sound are shown, SK^L and SK 2 l-< i S is the 

speaker, L is the listener. Then SKjL must not exceed SL 
bv more than 60 ft. It is clear that the longer the room the 
longer will be the reflected jmth SKaL and the greater danger 
vt echo. It is for this reason that the ‘ west ’ walls of churches 
frequcntlv cause trouble, and that it is a good pr:ncip!e 
alrays to render rear walls sound-absorbing, or ciiimsing, 

so as to reduce reflection. , . , r, 

It will be seen also that the nearer L is to b the greater 
gt*ometricalIv is the excess of reflected over direct path. 

® * This means that 

front seats are 
more liable to 
echo than rear 
seats, and this is 
in fact the case,' 
but on the other 
band they are 
nearer the source 
and' get. gr.eater 
loudness : but 

often when a 
speaker' turns 
sideways and' 
loudness falls off , 
then defects in 
near seats are experienced, and especially is this the case in 
■front side seats in modern theatres. 

For the same reason high ceilings immediately over a 
speaker .or preacher will cause, prolonging in near seats., and 
it is owing to this that the tradition of the ‘ sounding board ’ 
in lofty churehesTms been developed and is of use : it cuts 
off a certain small amount of upward .sound p.aths,from 
pulpit ■: but is only of u.sc in lofty churches. Another cause 
of echo is the remote ceiling angle in large halls, and from 
this 1ms come the old concert hall tradition of ceiling coves 
or heavy cornices which serve to diffuse t,he sound. This 
is a thoroughly useful tradition. 

The figure ■» ft. is, however, an ideal limiting value. 
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in luiiN public ^pi-.akrrs lii^ay.^ le.nd to go *0, I 

•Ml Til ft. h |M.Tii;iv^ilile. 

Ill iiiiiMi* ^h0ft coho j.*^ often |M’Trmcd iii r.*|u*l *o 
ami thk h a defeet in a. luilL Cofirrrt ti.viK 
provide nlHidiiir s^rtieiiktiofi ofraphl It 

to test tiir ill an ei'ii|>ty liall by rsipkl sustaiiH'd elai^ 

piji|» ui liar liaiifk. Short t^dioes tMi only be ilrtin't? il In’ 
%’vry rnpkl but st h often |x>vvib!^" to the 

fliriTiioii of ail eefco liy tlieit iiitaos. 

GEOlllITEY OF SOf'M) tEf’LEiTie^Nn. 

It is wcirtli testiriii: plans of larp^ biijhiifigH ihr reiHi h\ 
dramirig oiil rellei^trd paths, mi4 the geometry of sittiple 
soiiiid rrtledioii is Illustrated m Fig* 10. VFith m:mmL iis 
wiili light, the angle of retleetioii is ei|ual to the asigie of 
iiieicieriee : t,lie.refcire the murre ol scairiil luis an ifiiagr 
cc|iiidislarit Ijc^yoricl pkiie mirror. In Fig* HI h shrmii 
llie of a lieam ol so-uiid Ikiiited to a 4ik . .je 

AB' i,a a large hal, to^etlier with iiitermediate rays. i.tT: > 
he. the soiiiici »iiree. To find the imafe I pfml;iief IIA to K* 
'I>»w S'E st rig!it aagifs to B.K and prcid'iicw SK. t<i I, ittakiaf 
El ecfttal to SK'. TinE 1 is the image nf miiifre S in mtirfor 
AB or Ail prc^'ijced* To find the limit, s of the *>tind l»afii 
frf3f» AB join lA and IB and |iimlii« lhe«*. lines ifiilefinitflja 
They will theii fi%"e tte of tlie 'iMmrti exti^ndmg 

.across t,he rcM:>:fii. ' Also !ia« ciravn Ihroiifh ifilerineiiialr 
|»ints as Aj a,iid ,Bj wi.ll five the * .mys ' of suiimi ri^icTletl 
ftl tliose |M>ii:its. To illtistfiite tlie aet'iiml 'refln‘l€*ti piilfis Jain 
SA, SA|, ctev, and at each point of lm|»rt it will foiinii 
that angle of reHeciion is tquul to a,iigk of ,tiieicle:iice* ' 

The picture of a mumd at a .^vra h©w,erf:r, is 

R 0 t well rc-^preseril^J hj srond paths only. Since so«ii4 is 
I Tcx.i J. :n all dim*t»iis at it biusI ml a 

Iias-e a eireynifefentiiil ware lixmlcd at 
a eorrespondiiig distance from t.te soaive. .And, il is fouBci 
that tlie direct soa.ii€l and ail .tfrllctded souricis iiai't ware 
fronts rclateci "rcr^n'ietriv’tilly to each othef and 
at regular iktmitm fmm t^h ollie?. , la this 'Fig. Itj 
tiike the lapse of one-foisrteeiith of a mmti4 m u ftkih of 
Sti ft. from soiirrr. Thc-ii to ifid tlic direet Wiiie front we 
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Tt 

liave riierely to strike an arc ETF of 80 ft. radius from S 
as centre* *lnci since sound travels at equal speeds in all 
directions fhe reflected wa%'e front is got by striking an arc 
EL I of 81 ) ft, radius from image I as centre: and this 



Fig. 10.— Diagram showing Plotting of Rays of Sound. 


IS merely to plot all reiected rays of a length equal to' 80 ft. 
This relationship drawn out thus, of direct to reflected wave 
fronts, gives a proper picture of the sound ; and it should 
'be noted that fct-reflected h*onts always join direct fronts 
at bounding surfaces. Photographs of sound waves show 
thisd , 

^ The waves can. be seen on water in a bath by arrangkig a dripping 
tap. For a mo^re e.labora,te plot, .showing inter-reflections drawn out 
and compared to a sound wave pfeoU^rapti, see Pkinnittg /or Crood' 
Fip. 44 and 45. ■ 



iiKsfi* X I fou I. ri i: I'l I i> 75 

B'lt '•siDi*! 'MHOI'd d<irs rK-*t ii iil\ 

b«t 'S^is li pfiiiiiibni. Wf;‘ rnii'^t tlM thr ,trfi u; 

M.niLd fruiii All ill lii h not ^inotK iinut^-’4 oy thv 
ALj, anti tkit a li%t.eiw.T al a |xnr.it M w^.-mid in In t t 
i4’ lI'H* rrtlri’teil mjiiikI And thr wavr fronts m 
' artiially exlcnd ii.i thr f^rrisi i.4* i%i\r t’niyar^ 

; <. L5'! . . Iliis arc H not %trmk fn>!ii 1 hti! fr^nn fht rih^r 
%4 the mirror* risriicly A, Wave frirife^ rtii shown no 
liroBiii^s l>y ii or ciolted line. Tie* lod lli'it 

S4iimtl l/tmL rmnd a cwner, o,r iiKire iieeiimtdT thal tin* w.iit 
tVinge IrmK to spread rsriuiMl aftd hit up the gdp vHUKnl by 
aii c»ljsi'Ai*!(\ is tlie reas^nn miiy we urt:* often Mr ft* lunir a 
soiiiid sourer 'but not si^e it. Tins is iUnstmted aKo m th*' 
\mm lijriire t:iy llit^ wave" friui^e stnick from tlie aii^dn- X 
and riiiliiis Xl^. in the sc*muien| ani^4« f>l' the fLili 

opposite* 

^■Igaii'i it eiifi l>e seen in Fig* ICI tliiit. at any }M:iTOt ii'.i titc 
liiill tlif ciireel wave front reac-'bes a list e tier li;rst fVilli'j'WftI 
by the rcfleetiori frcirii side walL And followed ugawi. if w« 
roritimieii emr analysis, by tItc refleetion from «mll lxdii»il 
soiiit^ S- .And hf’re the' law of the tM) fl* spacf ifitcrval can 
lie stilted in other terms : these wave frorjts iiiwst fcillcrw 
eaeli oilier williia e s|»et of €0 II. if h to 'be a. voided. 


erivEi^ strsfacEs 

It is when king refleetioiis air as^^emted witli roitrave 
W'alls, or rfilings, of lofif mdiiis.^ that tibsliiiate aecwistk* 
trouble arises* In a seia’H roiiueil elmriilM*r ktiow^ii to eic' 
the two side w'alls were eiirv^cd ami struck from atoat Itie 
centre of the iwni (Fig, 11). Tb«e wails caiitcd the mm- 
erntraliori of wiied m tlmt reicctkms from them gave sImicI 
rediws |«st lllliiig ap the ©ne-tweritieth of a secjoiwl iatt-rval 
fetIwwE -vP:,* v-'-dng to ■eoaeemlratiofi wmt 
m loud '.. ^ r..: Wl^n ti^ sf^aker liiid Ills lisek 

turned the rtfleet.ras were fender. The coftceiilratioiis sre 
skiwii in Ihefipire. |The $;^aker S i$ mddresjving the elrur, 
and therefore 1ms a number of membeis of eoimcil Ixhmi liis 
btck.l Thk eonceatjmtiOT is a amfmoa ilefetA and mast 'lx 
avoided In new ImiMings. Aimtfecr les^n froffi tliii |»M;ic4ib;f 
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biiildilig k that these curved wails had been at one time 
hung mith curtains, but the improvement was negligible* 
The reason is that the close eoncentration of even a portion 
of tie sound from such a curve is enough to cause trouble* 
For this reason also curved ceilings struck from head level 
or from floor level are a fruitful cause of trouble. Segmental 
and siiiieer domes are worse. The Imis ekmkm is the Albert 



Hall, where coneentrations of sound from domed ceiling 
arrive in' arena seats at an excess path of some 200 ft., or 
after the lapse of one-fifth of a second, causing rapid music 
to be heard a beat late. Concave proscenium ceilings are also 
dangerous. But the modern curved rear w’ali to theatres and 
eiiiemas is the most fruitful cause of acoustic defects. Before 
carrying this further the geometry of reflection from curved 
surfaces must be summari'Zed. 


GEOMETE'Y OF CONCENTRATING AND DIFFUSING 
REFLECTIONS 

In the case of curved surfaces a series of rays must be 
plotted each from a separate image, and then marked off 
equal in length from each image. This is illustrated in 
Fig. 12 in the ease of a concave ' cun- e. S is the source of 


ryi 


wuikI. It w required to fisi,! the giv«s trv ai. uu U 
torimnc a eoueave curve wth wnirt O. Take thn- 
—the iiHiitiijg puitit'i A iin<l C rtiui otii' i?>tifrneih..i<i’ tM'Ust U 
Join M. SB and Sf. Alw Jcnn OA. OB ai.d m ^a-.i dwr. 



*' n-:'’ t; .W- BKj, and CKj. Through S draw SK, at rifirt 
atigies to tangent AKj and prodsM* to I, rmking Kjlj rtjuai 
to SKj. Then Ij is the image fc* the single ray' wSeetrf at 
point A and the angle of refleetk® will 1» found c.pia! to 
the angle of incidencse. In the same maurser drsd '.ii'ticts I, 
and Ij giving paths in the dimrtion BF and FC. 
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iili ill- iuund to converge on a rcstrieted area near point L. 
And in circular buildings this area of concentration -will 
alwavs be foiuid situated between the centre 0 and the 
circumference of the arc, and opposite to S the source. 
Beyond that area obviously the rays diverge. Further : to 
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Fig. 13.— Plotting of Reflected Rays from a Conv'ex Surface. 

plot the wave front at a given instant calculate the distance 
travelled in the time and mark off from Ii, Ig, etc. equidistant 
points, giving this distance, along the respective rays : 
namely IiE, IjF and IgG. The form of the wave front is 
given then by joining EFG. By taking further intermediate 
rays greater accuracy can be given to the plot. 
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It ciiB kr M-en >iriec' iuj tlie rriltctr^i 

i>ii tl i « int Alll H tur,:KhtT.i,t* n ij. a i a* 

L, it tl^ r* tlf t^lrd **1:^ till I th* tK ' «• ii ^ 

will iixirked* Thh rffrct is oftm (mind in r^Tf.san 
Hi sfriii-rireiilmr 

Vimvi'X cnirve ruler I ions urr |ik:it,te*l rii xi, exastl}' ^^uiilxr 
liixniier. Me Fig Ki but it mill ix- Mx-n ilut the « 
iireiir beyiniti the iiiifTor m IIm*!: t}i€;-y are ‘ liiiagiisary jfiil 
the iM'fiial rays diverge widri}-* The mimul fallhig: Ifviiri S 
iiri tlie eoiives eiirvc All in the figure k iht'Ttfi^tv ml e* 4 i 
renirated kit iiffuMd,. and even if of long tx<ct%^ paths nill 
licit" cftifiipetf in loudness "mhlh the direet M:i!i!KL 

Therefore d'iffiiSiBg is t>m^ mmm to id 

ecliocs, arid nls«i to the di,st.fil>ylii;ig of rtlleeted mhuhI o\'er 
a wlik? area in any a'aciilofienn This means has Ixrn 
■.•H.;;!. -y f?. In a rale of tliunili mitriiier, iii i4<l fwitisrs 

iiiMl eoiicert hulk, aiici is called the * lirrakiiig up of sound h 
It: was the e-mst of the cle!i'lM;-rate |>laf:iiiiftg ef ctiluraf’o. 
Iifcaks, recesses., ..alcoves : it wm .also a .reason of the miw/ss 
aeoiisliea.lIy of tht l».nK|iie lli-eatre of t.lie mght truth erntufy 
"when? r in the form of swmgs, eiipkk, r .’'■j.; •, 

.relievos, shiedds., etc., did in elfert pnvrnt, liy cliffiisioro 
:serioii..s echoe.s from the eitr%“cd m'xfmx*^ of krgt* theatres, 
aiicl ,fa%’'e «iadil.i©fis for the develi^meiit of orehestriii iiiiisic 
as wei! as of llie mrm, AI$g In one .m«al stwJio. 

i.-vu: were 'tt'Setl, like colitiiins down tfie ti> diliiic 
; anci in anotht^r sIimIio the W"ii.l.is were girrii a series 
of a.'iipilar projectioos for tlie same reason. 

Therefore we Itave 'two met hods .of c*oiialeraf*tirig t'lic 
efferts of sowriil ndlcelfoii— {I| by riimiis of Iliiek 

fobries, cmrfiets, .etc. (tiii 'be 'rcftTreil to in ciciail 

ill C!a.plc'r VI.)., ;h) diMusio'ii. 

.a'ri>IT©.*.IIJ3« I^ESICSH FEOM' S£'F'LECTI€>"5« 

Let IIS apply the chsetisimi mh(Wiu By settiaf 

walls., aiid ^rtfoas of walk, m thv MkAitm n.ylfi plying 

iiem.i“ 'iiimfes, it wi.|| he femnd !liat a iiia\iiirysp 

of the reiftrled sciuBii can be iLri:.:tid Irma Ihe iieifti.lMW- 
bmd. of tlie .^mree to the m^htonrhcKMl of the auditme. 
This applies ©f coiiree 0is.ly' to lialk and llicstrcs whtm t.l«? 
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PBACTICAL ACOUSTICS 


source is located iipoii a platform or focal area. And if this' 
is developed it will be, found that certain plans emerge as 
types of maximum reflection. Of t,hese the most eiicierit. 
is the .parabolic pk,ii in which the speaker is placed on a' 
rostriini .at t,he focus of the parabola. Next in effieieiicy 
come those pciitametrie plans which approximate most 
closely to the paralmla by means of a number of plane. 



Fig. 14.-— Plan T\T>es giving Maximum Eeflection, 


surfaces set at an a.ngle. This can be called roughly t.be. 
* megaphone type And finally comes the simple,r fan-' 
shaped plan. These types, are illustrated in Fig. 14. 

Now t.h€ parabola plE.n, perfect in theory, has a great 
disadvantage in practice. The total reflection is very power-' 
fob but unless there is nearly 100 per ce.nt. absorption, at 
rear wall, small rero,ai,nders of unabsorbed sound will find, 
th'cir way ba,€k, to the focal area in the form of a noticeable 
echo. ,Po,r this reason parabolic reflectors are suC'Cessful in 
the open air, as in the Hollywood Bowd, .where orcliestml' 
.music is projeC'ted over a large open-sir amphitheatre : and" 



roi .1 £ ri- IM' f' I O 

tiit imtmyh imi I,h’ i,i:’Hrfully %hiil 
aaiid t'jptfi-air |>u.l|':iit.^„ But thr .>.* 111 #; thvy an* 

kmnd in trmi:m:Hi And iltlV;! n 

ako imirul 1:^ ciisabling m tht rase of tlw 
pkifv, «if ^vliirli the Sallr Pleyel in Park i.^ ’ 4 i\fi 

nhi.K liJ Si less blit stiil m>t iet 'nbk rmferil, m tlr:- r..4%f of fh? 
oniinary fan plaris* Tfi^ mmye k a |>r4t tnal 
Il 14 /vtited I&jI iI ij ifj 

jBmitrn pbidm, 9S mil. rt^efting : hut it i,f lol 
1?^ it) fmkt iiii th,mi 

Til |kT mil. m SCI |.„»t:T mil. (ih^i)rbmg, Tliat iim! 

riii^iiiiri under r^rdiiiiTv iTeatnir-rits mmt “ill |M*f rt-id. 

:ill fier rent, of the ii!iiilWirlm;l %mmi reflet, n«i bark and Mr 
tu Sind its W'ay to t.he froiil p^'irt' of the hoim% And uhrii 
tiM» M'fhiiri the ^anie iMstliiie elmraeter, ti«t. rt^ulu 

lire flirt lier rriipliisizecL TMs m lltr iiriririfmi r-aii^e of ilic* 
■clefcets i!i irwMlern referred to s'b:r^'i% wlirrt ronn 

filaiiits art alway?! eoiiricMleil with .wmU in tlie hire |Kirt ol' 
the lioiise. ,lliit there are oliacr et:i«tril:MiP:>r}* ea'y,Mn. 

In Tkmirts the immeemmm liai’e I:m*ii 

A'm'ept away, fdaster ndiefs likewise,, mml a \iim>lli luird 
oiiitiiiijoiii surface? Is tlie rti,le.. A3'iot:lM?r and riitin;* fMiwerfiil 
cause is the If mg raditis ixMirsmi^'e twi'e ®f the mu wall, Wc 
riiiist ii»>le ll»t tht faii-sliafied pkii pr^vklrs 'lift ter %i|flilifif 
than I lit* old !M>rs€*-sb®€ plans for thealrt^, zmi fives iriaxtratiiii 
gallery si*ating at a siiitiihle distaiiee inmi the stnp\ Thete* 
fore it has acivaiitafcs not to be igncwtl. If h it fiifidcrii 
type defeat ivr as it starwis .aficl watt inf few tlie lioti ittp Ifi 
expeririieiital desipi. 

The clefoets of this type ofi plan are illiiit rated ia Fif. ll« 
Tiie spiayeit proseeiiiaiii. and. sloping are the* riiaifi 

faetoK in ciirt'ellnf tht retuni ■^Mnci ,t»ek mi to foRn$t*f€ 
anii front semis. It is ter this remscj-a amonf ©fliers tlimt iimay 
mcidcrii elnenia tteatres now tfea.1 pR>sc*eiii*j!ii Areas »illi 
r’T-... .• cte. ' Aim m the mmt llpire IIk slifltlly 

bunrliwl relleetteas fTOir enrrad rear w^alis &ft showiL It 
is remarkable in p;r*rt..tee tow .iliglit a m*ill fivt mm 

eelio toek. This tt-m wall -ec.to %% sfM'rklly iLiiigcrtm'S iVcrii 
the pit iindcT main gmlleiyv wtiieh m m wall area ofleti leeiMl 
oa » level with the toads ©f aetors. But tto eiirvfd 
ako exlend to galfery tonti, to tototmtics bdiiiai 





I ? !■■: > 1 1;; n txi, r a u u f : f " i .. 1 1 t i » ^ .n 

rjhv ; tfit k ru.ulr 4 --r^rs i>f j 

in the fKiili tf r^^irniic' - - jnd ; 
phtforiiii %i'aHs are fjy mnirx , 

aiiJ rear %¥all k either stepi'ic-ii hi plane uirlkte^ •'^r innih' 
irntrkrdly ciilfiisiiig. Add iil^> that ^^allrry fronts, 4? il 

tolosfr.kies an? not rorved but rinide ; : rfiai tliif 

plintfi malk to partem* ^rt mack in m \d 




Fif li.—Thmtft PkamiSf , l^pi t© %¥cm4 ' 

m l»leet:ioris. Ttere is also stown sa almirMiif |miiel . ©» 
fmmi mM€ uwM$. Tbert ■is anoiker m*mmm for tliis. Ister- 
rcfleelioiis, mmitig m front scAts 

■p. il)» ane oft'ea caii«d hf l^wi wall arms .in tiis |»:rt. c#f 
m large amiitoriMrii, wliere time- m filte'fyn 

It will 'fee seta therefore t.lial a ¥ary mtmsmry i%iietk«Iiirii 
falls for the niainleatGee td the foe-fhaped bat 

with a splitting up »f surfaces.^ and km.liiif ©IJifl'iiscM— list 


^ ^ F E A C T I C A t A C' O U S T 1 C 

^ iuoikni fsjunakfd for the heavy reliefe. 

It \/ f .t:A 4ira|HTy of the older types. It should be noted 
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t .■.ini't'ntratiDii swings over in an opposite direction. 
■ ‘i ; Whv .o often under cnhiigs of tins kind it is 

J:: , Jt to ht.ir a player on the same side A radial filing 
w,‘5' liHirh longer radius k shown in ( I) : this is k-ss dangtr- 
In 15 ), and (7j are shown three satistaetory types 
of ceditigs derived from actual buildings. 


OP£.N-AlE ArOTTOElES 


We ea© 
of o|Mfivtir 


design, froni reflection data only i igrionng rever- 
few types of buildings having the characteristics 
auditories. Open-air theatres are the character- 



„F%. n,-~-Cmk Theatre Eefiectioas. 

i*tic example. The secret of the good acoustics of the Greek 
IheMre was that a few factors combined towards a single end. 
Tfit* plujcrs liftd & b&ek wall iT'flcctor not far tacni., 

and also had a hard paved ‘ orchestra floor below them 
at ting also as a powerful reflector. These two reflect^ 
soumis followed closely uBon the direct fFig. 17). In the 
Greek theatre also, owing to the rake of the seats, direct 
sound reached heads of audience at an efficient angle. Lastly 
there was no rwf and cmisec^uently no reverberation. 

The value of the floor, deliberately used as a reflector, 
has proved itself in modern d^ign. A hard uncovered floor 
area of lome 6 to 10 ft. deep is valuable in concert Mk m ^nt 
of the pliitfi^nii to increase tone fsee also council chambers 
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n t.^,. But the principle nsust lx applied -Aith isi- rn.-r. 
H, those: cases where ttec is risk of serious i’.dvr^u-ii:vn 
between tl<»r and ceiling, with nsa. o! ,*A‘a^ 

rcverlm*ratioru 

Hahii^Utiidi can te much more effatn*' >f 
surfaces arc delitK-ratcly designed. In the mrcuLir .> }» tiic 
:, : . to Ik: slightly convcxaml extend as far c.ut i>4 s..n*i 

the tk>or, paguda fashion, as possible. Butalsifii , •' * 





fig, Itu,— SkeU-ke* Ke««t<»» l»esif®* iirf 

floor reflector, kept cknr of se*t«,all round the ctreumfen-ntr, 
A t«k d«k floor, mil and wuulsCTee.^ 

!s'fclr&r**dii«i retpiirc a reflrttor in 
giving sides and hood at an w.gh . V i 

tvalisLn also 

rlhTplatfonn iSd form part of the design. A stn,. of 

has been «S 

The selection of the rite to pw a 8^1“; tolrtc .oust' U- 
and rake for sents is es^tial. A 

.Wn. Si., 0. .tell '. a“«>S 

1« Sv-S Sketches illmt»tinf point* *’* 

Fig.'l7s- 
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:;: '!uXIXu FOR REVERBERATION 

IV i; H U i fiitherti) coriisidered. under echo, a single reflec- 
lion from a local surface lasting for the fraction of a second. 
Reverberation is the mult of prolonged inter-reflection from 
li iiunib r of surfam and may last for several seconds, 
Revcrbralion therefore may cause greater confusion and 
, V. . r; j of sounds than isolated echo. Organists speak 
of tlie reverberation of St. Paul's as 12 seconds, York Minster 
10 seconds, and they mean by this the duration of the sound 
after the hands are lifted from a full chord on the great 
organ. We have there a very rough means of comparing the 
wind energy in different buildings. If we take an accurate 
itamiard of loudness more nearly that of ordinary uses, and 
messurc in factions of a second, we can apply this method 
to ordmary buildings. We have seen in a previous chapter 
that tfe standard ehc^en is roughly that of the speaking 
voice or the equivalent toudness of 60 phons (p. 65). Also 
we noted that tk reverberation time in seconds is the time 
taken for a »urce of phons to die away to the minimum 
audible ; or in ternB of energy for a sound of 60 decibels 
to decrease to threshold intensity. 

Now the »und dies away gradually ^ by the absorption 
of emtgy at each contact with walls, floor or ceiling. There- 
fore the fewer the contacts in a given time the less the 
absorption and the longer the reverberation. But the larger 
the buiMiiif the fewer the wntacts in a given time ; and 
therefore the hirfcr the building the longer the reverberation, 
or: I ftime in seronds) varies directly as the volume V. 
.Also tk more absorbing the bounding surfaces of the iroaj 
the more tsergy is subtracted at each contact and therefore 

* This is an empirkwi aaauni{Aion and is not exactly the case as w* 

ilfflJi diinriiOT later : see footnote, p. 83. 

■ * 8 " 



riESir, S‘1\"G FCH! UrVEUMf a 
Ihf .4hi;rltr the ri^verlMTiitiof^, ; s vutir% t 

lolai iilHc?rptiofi A, Tliat 'is t a.% ' or : 

A '" 

i ~ ^ >: a mmsimit k\ 

Tlif fuel of r€'veri>emtk>ii mm rm>ffaietl by ll »';4 anti hu 
!!j.'}, blit it was W. €. Smbirie of ILmaf'l who lir%t 

acliieved time m-tmmtmeuu <€ mvtrluTAtym iti ihffvrrit 
KX^ms in order to analyse the va rim hies, mml it was he %lm 
fornmkted the relatioiislii|K^ The ixm^Unt k a |4i}wiral 
ratio liolciinf good for rirdiriiirT rmrm and raat rrki!^ :i‘« 
between Toluiiie and reverberaika'i am! total al#win)t 2 C>ii : 
md tills ratio %¥&s fomui to lie : 

i sm>nds=-^ x 0-«5 V |f<»t units') 

A 

— 'I X O'dfll- V (iBetrcMiriitsi. 

A 

To fiiici tiic total absorptioi'i A ifi ihr SaliiO'C* f!:>rr«!i'b 
it is fi:cces$a.ry to iii'tas3i:re the sij.rfa.ee a'jrt.‘.a -of eaeli iiiiit.cri‘4l 
coastiliit.iiig lMWi,iid,liig sii,rfa€et, fummhmg^ and occiifmiiti., 
and iii,altiply' caeh area by it.^ aiirir'-^prl-d.^’ y-i-rcv.-da 
tion cif by the eoeflkknl r^i^.:h'dUrnt 1:-^ ih/st t r-A : 
in citlier words 

A (total a!)ST..rpt i=.>T5 1 -- ^ 4“''-^^% -'f ele.* 

w'licrc i‘;|, # 2 '* viirioiis 'se'pmrate siirfa.oes, and ii|, 

ele., their :':yyr-".pr!?A.f^ iwikkats. 

Thus it 13 loiiaci ihat. if 1 ft. ■<>! 0 |x?*:ti. wifiil«#w alworlis 
ICM) per cent, of the mimi falliof ii|»ri it at midille pitch, 
tlien hard plastc,r absorbs appmxiiimtely 2 to .1 jwr ernt. : 
a toarded loor, I per cent, ; cmrpet.s* 20 t-o M3 eent ; 
wmul p.MnellirL:^. C to W ,pe:r cent, ; an aiidkri.et\ 7ii to I'xr 
ceBt,, or /.py: -I '.;:iits ; ■ .. 

Now r^..:.„=:rL Ea-ur:.^ show at mitt liow large a 
portioa of sound is a’b»fbed hy m audiefice, and thr«‘h,,trr 
it is that the aadiemee factor in tore iiallf eausen •ehIi 
variatbfis in the mmmtm ■ao-nditiofis. In adclitioii to tii.^ 

1 \%\ i\ j. ~ r-^X”. 

An .'3 >..* EE • E r: : e. ‘ Um 

h^%mka Planning fw Cit II. 
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Lifter, upholstered seats, carpets and drapery 
ail important |:iiirt, and it Is necessary to bear in mind 
iniji>r tartofs in calculating desira!;)le reverberatioin 
IV.btre rarfMls and upholstered seats arc present, as in 
rmt-rwa lliratres, the audience factor is iniportaiif. In 
f lialk, k^tiire theatres it is more important. Also 

the factor is liable to be small in some types of 

hiiiiiliiig anil large in otliers. The ref me desirable reverbemfimt 
Jt^urrs might io k doled m reference to the nudumee 

/irfor. In praclii'al aeoiistie design they can be suinmarizecl 
follows : 


i Trpi* of iliiiiliiig. : t hy Sabinr Forrniik. 

AiidieO'Cfe Factor, i 

1 

Law ff*wrti. fnmfrreaee | 1 to 1/3 -sec. varying 
i4»il iwiinwttfT with sue of room. 

1, 'i 

1 One-third audience. i 

i 1 

| 1 to 1%^ see. 

tiimoril ekifiilirirs* ; 

1 Qiioruni. | 

i s 

- r 

“ reoBM . . i 1 to l-S see. 

1 S persons. j 

! Ilailh auiiilorits for j 1 *5 to 2 .see. 

1 One-third audienev. j 

t 1 

i “ _ 1 

:...■ r t:: -et,'. 

Fail audience. ; 


T^^' 0 -th.irds audience,.^ 

ClMirrli« . . , . ! 1 -a to S mt\ 

i Two-third eongroxi.- ' 

I tion. . 1 

Very kr^ lulli . - | 2 to 2 see. ■ j 

i ! 

"1 

Two-thirds audienee.,! 

'1 


III the table given al>o%"e the reverberation is often given 
to limiting values, as I to 1 *5 sC'eonds : and in fact it varies 
the variation in volume. This applies specially when 
very la^e dimensions a,re encountered. In a very large hall 
m piAMe speaker nalumlly goes more delil^rately, and a 
;i-r;l-ih!y longer wverberation is perniissible. Also in veiy^ 
if aa excessive ' absorbing .area is' introduced i»' 
iin sltcaipt to keep down reverbewtion the loudness ■will 
redticrf too riMch* 

III ctiitifil rliwifeert, imr mmris^ Mmrd mmis^ note t,lMl 
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the liiitiieiiee faetor rna>‘ ufteii lx- v“ery mhhII irultnl : ti„ it 

II Iiirge area of added a' -v,n f: r, is nVrtsvir}*. 
iiiii}* oftem be large yet only thrc-e prrsrut i.iB 

■rourts otteri hav' * . .; !v prrsri ‘ * * liH « ^sr^N 

to help the total :. - r;: " ; ■:.., Ctm^m on Iht^ oiLt r hmu 
iwiril ... 7 . .r;.-y.4-^ !:: revebcTatioii for fCMxl nmvir.il time drui 
tiie rj -.\..e:.ea faetor weiin> witli kail full ai.d there- 
fore reycrberallon at iiiiiiiiiium, Ohvmmh cit ^ign 

iiiii'st aiin :'d. : r:.'*.''--:/! -•■ a-elaint.s at tht* rriliral ri^iidiln’ei. 

It L ealeulsilioiis to note thr euht 

per seal, y-.... aiidieiire fartcir 1*9 

cuIk:" pt^r seal give^ a rektioiiskip of volyiiie almirptioia 
siBcl is t Ilf re fore a %'*ery roiifk index to reTerkTatioii. In 
j't.GT'.rr'rcr. it is the height of a hall that eaii vary Ike voiiiiiit* 
aiici varv, therefore. 


the ciil>€ per seal, so 
tlial at f.lie skelcdi 
.sisigc tliCTC is sooie 
eoiitrol of reverlicra- 
lion eonditloris. A 
;rta.si>n for the geriertl 
«0iplaints eaiisecl by 
domes and barrel 
vaults Is that semi- 
cireuliir s,lia|')es give 
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tMii Mvtmik -derived froiii the riglit relatioiidiip 

‘ilKorptien to 'volume — is in effect 1*4 or 1*5 secoiwis In 
tk*- inmt of tlie house; and 1**2 seconds in the galleries. 
Tlii% II mrstribalory cause of the complaints made in 
of riiCMiern tlieatres (referred to in Clia|.>te:r V.) which 
always occur in the front of the house. It can be overcome 
by plarifif a large panel of sound-absorbing riuiterial on 
friifit side walls as illustrated in Fig. 16. It imist be noted 
that this firiieiple applies to all halls of the fan-shape or 
riirgaiiboiie ty}ie. In acldilicm, large theatres having hard 
pk.4'ir pmsiTiiiiiiii, without the old types of eiirtains, 
toxes md heavy ornament can have a local 
revrrtiemtii^ii arising fro-m inter-reflection between fore- 
aiid pn^seeiiiuni etdling and ’walls. Also the very large 
tyiM'' of iiMxlerii stage can easily give stage reverberation 
tfie set is sinipie and uiienelo'sed. 

Ill tlif ease of ckurckes, tlie cu'be per seat is very large 
iiidmi, the r-i-^rr-^Tdlnr, often small, therefore reverberation, 
a.Iwsjs tends to -be ex-ees.sive, and modern design mu,st e»- 
^ '■ ' ■ * ’ . ' ,■ r * * ' : tremtmen t-. (See Chapter X. ) 

Tj:- forf»ii.!& is a means of appiyiiig a rough 

ftmiiciarf, by calcuimtion in advance of construction. It is 
not, exact. In reetwdmg and in highly absorbe,nt. 

m ‘ dead ^ rooms generally, it is found tha.t reverberation 
raleiikttti hy the >.ih:v:e fornr.ua gives reverberation tim« 
higher thaii Is foiind by aetu.a.I test. Th,at is to say, the total 
al^orptioii A gi.vefi by the theory is not quite enough. To 
give a truer va,lae to absorption under t,hese conditioa,s, 
€. ,F. Eyriaf * has. modified the Sabine form.uIa to : 

f 

mlii'Tc S is the total surface ares in the room and a is the 
ammge aMjffideiit of almirplion got by dividing total area .S' 
by t,.otal al»iptioii A.. In rough cal€uIatiDn.s it i.s suffieient 
to subtract about §-2 seconds from the Sabine figure iii' 
tite mm' of i»€^eia.tely at^'rbent r€»ms of volume roimd 
iihfiit MKWm rii. ft. As the 'rrlatlve absorption incre'ases,.. 

€» F., llewrl^KalM^ Ttaae to tead Rix>'ras\ 
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m.s 111 i»'iTy dead n>^>rn.>, ;i il- ; : .■.•■,■ rd it* 11;^ 

t©iiricl.^’ 

EX.%iiinj: or CAixri^iTfiJN 

A rricMierate-isizcd kali kj? ^neml 
arid !ms & '^-oliiriie of eti. ft. SitiiT it ih rn 

In* with small aiidierters l.l:ic TeverWralioii :iii!h. 4 ;it k 
l^t; Noeoiids with oiie4.hird auciieiice. It h to iwd 

iVoiii Iht? the amoiiiit of addttl al>sorptiofi lluil mill l«* 
:iec;-^..iry. Iinlicatkms i4 fiandsliiiig's mml fiios!iin/s hau'* 
irivriL 

The totul tlieorelieal aWirptioii rtqum’4 imm the Sa'birrt:' 
fcirifiuk tlaeii tdkmg I at 1*6 seecaids k 



Tlie cube per seat is 2<MI ea. !t.m that even, witli a full lyidirfier 
a fair aiiiOMfit of aided. a.ls 0 r|>lio!i he. ! aoii 

therefore a i^reater aiiio^unt wit'li ofie-tkird aiiiii€n»* br-t iis 
determine, ttierefoir, iipoa a lai^e pane! of ioa;ncl-.tW>rtM 0 K 
taalcrkioa rear "walk and itidiide this m ai’i armlysis q! the 
cioniribiitory la the ktll from plans arwl 




lion will be given in practi.ee bv the oftiinarj' ctxidilkms,* 
It is eonvcnierit I# set ci«t tlie l■"arkills facflors as in table 
overleaf. 

^ A elear ao?oiinl oi IIms m m%'m hr II. J. Smlm-mt im m .mtk‘k; wiMtrm 
for j0tirB»l #f ll« €».. m Aapj#! I»l, m Mk)w% : 

“ T!»e Siiliiiie fomaal* wms Smwed on li» ttmi mnmd 

alonf »»y patii Ip m mMm% 4 m mit in m mmmr. 

w^mm ilw' ^aeiml f > tut «>f tim fart tliAt 

Ifc deciiy of loanti plset ia if»Ali 

a»»i«»we ....^ ::•.■•••• • .. -.r.. i stake* «iarf*i» 

f>f tlie Ttic«« and is f .n y '.l ■ rl : A ; *■ It m 

limt on tiie latter mwmi eiwrff 4 lw «il »» if 4 

e«tiai»ws decay is An t» Ey nng * ,iU 

wa im wntlen tliiis : wkrw S and A tevt lit «»* 

A 3 

»^tioa given *t»ve, Tim t»ttrp«Nfci Ejwag i^rmuk m 9%^ 
irwrte'imli^ ttsie by tbe ^^ikt smw a ev^methm fwe^r 

"V ' . ' , 

*i»7 Tl«‘ iKertviitage lUWer^e l,^ tiiai by tb" 

%mm formnfce iM-rrases wlllk the m 11 

<fc€fe*»' ill ■ . 
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V ''' 12 ft. t-.ru%i Vubc per seat -iaci ca. ft, 
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Tfe«a Total A')»rpti0a eeatribated 
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iMt'lMsA attiikauie. 

i tm i 
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W e see from the upi»er portion of the above table that the 
orditiaiy conditions of the hall complete with carpet on 
faJlery, curtains, necessary rear wall absorbent and well- 
uphofetered seats, will contribute 2741 units. Add to this 
the contribution of the significant audience factor, namely 
one-tluKl audience,* which gives another 400 units. Total 
contribution is then 2741+400=8141 units. The balance 

‘ Ei:; rs;!;£‘nibc'-'n 2 to i’iotraet few pm'Uon of seats covered by that 

oummi ef Tills Is bwl as shoim in the table by nsin*. 

ft fmaiMOer for tbe factor, that is a figii» by 

wIitMctlng i»eftcieat per seat coeflcieat per person, in otfet 
w#fii ex»f 0f ^mtm owr 
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n 

rt^quircd tlitrefore to makf’ up iht^ U!aS > 

StT.vf) -ol M =€4)9 units. 

Xow tliese units ran I.,m‘ providfil nllicr hy a furl in r 
:iriui of ill i ubsorlw’iit likc,^ the aiiiva^ over ffit :ilfr,i4y 
i?ri tlie rrur wh!1 ; or ran a s|H^eial |K’rfi>r4t«i tilr mu a pur* 
of t!ii‘ rriliiiii : or by any suitable tnetbc^i or txmdnixAlmi ui 
I net hods. Let iis deride on further wall imiit/K of 
ovrr iVIt, having eoefileient O'tL To ectuvert tuiits of al'^^orfo 
tiiiii into ec|iiivm!erit areas ilivkle by the ■cwfllrieiit. In the 

case ifivern the necessary units at Cl"'6 — ^ icil 5 m.l ft 

041 

This area must then he distributed round the walls 
tetweeri datio and ceiling, and ragy nreiipy the iik«jor parf , 

It stiould Im; noled in praetiee that ujhiml halls, um^I often 
for rlassrcMjins, are of the ty|>e just analysed. They nsiiall}' 
have hare floor, him! seats not often aphoistert^l, %4> tfial 
cfiiite a large? area of s|ieeiii! absorteit rcc|ii.ir» to Im* acicirti 
ami raiy occupy total wall area tetween windows 
witli a coasiderahk etilliig |miieL 

Turning afain to the aiialytkm'l table, it will 'Iw 'Sc«i tteit 
the third-colaiiiii ipire m ohtaiiifil by h. i tlir igiire 

for area in tlie first eoluniB. hy the ewileief'it in t'tw' ijarw'l 
There is a fourtli eolumm for * adjust meiil ' i« whicli 
any Mlditioiis or sahtrmeiioiis to UK*! a fmiiirular fA»f mm 
made. In addition to sto'wm,. it iteiiM be* i#l«! tl«t 
where the walls ©f tlie rwm have 'miiltiplieil 
breaks^ rec€"ss€s* it is ii.isefiil to add 5 |^r eeiiL to 111 ji^t cent , 
for tlie cxuitribiitlon made hy areas of hard plaster measurt'^l 
IM the iai. In the of the s-pc*eial whieli covers 

up the hard plaster behind, it m right in thcfiry to m 
remainder cwilicieaL that is, to subtract the twlfleieit for 
the, plaster: in this case 0-6 - 0-01: , In |w»ctl« tlw 
.diffewriee is m> siaall it is not wc^.h whilf . 

SOIJK'O .%BSO»fTl0IS COErflCffiSTS 

Figures for ahsorptfon eoeikieitts arc apprcmiimal.e ciaiyl' 
They vary with the imeti^dsof ieslin diSefriil 

5 Experience aeiitiiwii *» tfe@ i»e of 1»^ mtm td i|icti»l 
ill n ti» f ti 4 i 

fit thv5i Um :1ks4* bj toits. I;« mil h rairitir| 
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of fixing and iiiouiiliiig on the Joix anil 
XiTlx/jlifly mitli the riieihocls of decoration iisecL 

I?i .Aililim eofdlieients %-ary with the pitch of the soiinA 
ordiiury ealeuktioiw, eoeffieierits at middle pitch 5IMI 
»if :iPi tjehs itre iisc*<i It h found eonveiiierit to give figures 
iVf Holilfd objects such .as memlM^rs of aiidienee, and seats, 
in ll.;v loriii nf cwflident iM'r ficT^ori or per seat. On the 
op|ws*.ite p 4 ge k a list eoveriiig those iisiially recpiireci in 
lir'ou^tk* design for eonditioiis. 

It shoiilcl tie noted t.hat absorlients such as the asbestos 
§|)ray, iiiiisliii-mvered felt and acoustic tiles and plaster of 
t he piiisiiee variety can be tota.lly spoilt as to absorbing power, 
if tli'f decxirator is given a free hand on the building after the 
tmitmeiits Imve ton installed. Decoration of absorl^enls 
iwiwt ki eoiisiilerccl as part of the acoustic treatment and only 
done iiritler profM^r supervision. The porous tiles and piast.er 
raimot 'be brought to a sharp a.rris but need roimded external 
angles, or to be placed in shallow recesses. .It is advisable to 
tiiir and ea,rry out the adv.iee of the man.ufaetu.rers. If laid 
in two routs the first coat must be gi'ven time to dry out l^fore 
final twit is applied. ■ The quilts -and building bla.nket.s are 
fcfief»l..ly mounted on battens’ 2i> in. apa.rt., and. their fabric 
i"u\iTLx!g ref|ii;rts aircful and stopping against a 


cafi Im" dMempered without loss of efficiency, which is an, 
but will not show light dean colours. 0'wiii,g 
to iirirveii f^ondensatioii s-bsorl^nt surfaces wii'l, not long 
retain llic* same colour as plaster walls or ceiling, auid are 
dmiMtei in a eontra-st. Also 'breathing’ th,roufli 
fabrics cm ceilings or over 'vents in walls will .soon 
show dirt : they should placed on properly sealed .surfaces.,, 

tfrfl clasilww. Si» Me»». Korrii and Xixon of the National Broaii- 
■ .... V of Arr.'jrffXi cf Amm, Bm. dmer,^ ItSS, p. gSt). 

V' az'i vxpI:.^i:xit:ori of tiift relatively Mgli values 
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LIST cir .%.8sciRrai>:x coefficilm^ 
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SOME BUILDING TYPES AND THEIR 

UFJIITUEMEMS 

*4 1 akk nnw in a position to note shortly the design points 
Jar 3 niin!l)er of different building types considering both 
relleetion and reverberation factors. There is first the class 
of buildiiigs i . < i".. r , for the speaking voice only. 

Cmndl chambers must be planned on the quiet side of the 
site. They need a flat or slightly recessed ceiling to give a 
n fieet ing surface normal to all seats. The ceiling may include 


give {icrroatient absorption for large or small ivttcr'.danees of 
members and to give quiet eangn ays. In large chambers, 
however, badness can be nut let ably improved for front bench 
niembfirs. officers, chairmen of committees, etc., bv omit- 


r«lram and having a hardwood floor finish. This then gives 
wme floor rctketbns. The (.icn-^pondiag area in the ceiling 
vertkally above ought then to i>e made abscrbeiit to prevent 
a bcai reverberation. But even with thick carpeting and 
upholstery it will still l>e found necessary to add large areas 
of wall al»rbents above dado height and it is usual to allow 
fmr this between ail windows. A tapestry or good fabric over 
a quilt or felt is generally preferred for the sake of its finish. 
Acoustic tiles can be used. An important requirement also 
is amimnuidation for the press near the front, or front sides, 
or in front row of public gallery. Also the smooth working 
of t!» chamber is grestly increased if permanent officials are 
provided with .'rfats jast to tl^ rear of, or in front of, the 
chairmen of committees, so that consultations can be made 




!ic’ with 5uia!l r -"■.■■r> wiri«|>m 

,iii;l ;i 1:1} li/ht. Floors quHt steii ^ 1^. « * 

ivF liiio 4ir riihlw-r, on the .solid, are and * 

to lobl/ies mid ^lilleries. C'eiliii.g nmst ik>! Ik“ mn id I»#l 11*1 <4 
strp|M"cl to give iioriiial relk^^tioirs. The wdh a 

ifCKM'l clacici must allow ui krff‘ ems of -.onir 
absi:irlM*rit siscli as I fee I'lerfofmlcd tiles or else bu arisu.^tif tiU 
&f the p'umiee %isfiety. AltematiTclT* Mlrntrlmii iskitenal 
ran he distrihiitcc! over w'alk and cxdliiig. In Lirce txiurii 
the witness 1 ;m>x is teter pkeed for hearing Wlwerii the |tir\ 



Fig. !&§.— C#im4l JPIaiii. 


Mii 'tlie Ijcnch so that ;':ry and nmgastimte cw ,“:k.:!re e;,-.:: :. 

proilc view of witness : some j'lidfes feowever O'liiect. to iMs. 

Mmrd mmm and nmwu have already feeri 

noticed: they reqMire. cime v::.krp-::-.!;r.:r and m large arem of 
wall al»rli€iit* SegmeBlal eeitegs have l^tri foiiiid to give 
iiifer-rtleclion between aeiliiig hariwKHl tafek top Ami 
.are best avoided. Flat m mSemi ccilinp ..wre dtumbh, and 
a table doth is an advml^e. Ikttmt against ^ > , ; * ^ 

pianning on the ^iiiet side is Impwtant : if tocstwJ m tbr 
noisy side then clo^d heavy .fdnilO'Wi and »inc iatenmittcmt 
vcatiMlon (see page SI) itonW he or better it ill 

air-concfitioiiing. Des!gn:::.g eOTftTOttte Tmmm to open 
suite for asseinbly fmrpoi^ for flfkkaey* 
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Wi.cr^ ,1 fugli fiiiish to the room is ioteBclcd, tlieii a fabrie cii 
i'»f the lausliiKOVCTecl felts ^!!.>tirrar:■ere■! and pricked is a 
abwbt nb Otherwise the perforated tiles or asbestos 
vpray eim fee used on the eeiliBg. 

iViirri we eoirie to the ekss of auditories used for iii 
piirpc^ses the problems are more difficult. 
i mkf « kaik in factories are now' often of great size. 
IbMjiiimiiiiils iriehide dancing, theatricals, music of all kimk 
Miiti riiKTiia shows. The stage must therefore provide proper 
tlieiilrictl acwmriicxiiillon w;:!: aiiiplc wdiig space and scenery 
clcM!k aiicl workshop with l>ench. For stage accommodation 
see riofrs on sehcxil stages l>elow'. But in large works 
miisiml r«|uirements will be found quite as important, and 
for this the ’vital principle applies of providing an ample 
fort-sliige, say 7 ft. deep, on wffiieh strings and w'o^-wind can 
■sit in front of anti not behind the proscenium arch. In larger 
halls this is equally im|X)rt.ant for dance bands and concert 
.|mrties. This means two' troughs for footlights but the slight 
extra fj'iitky is well wo-rth wffiile. A concert party in an 
•' ft. canteen hall will not get its jokes and pat'ter across 
if l«t beMfid a pro^scenium, ' A dance band can sit wffioliy on 
the foir€*st*fe and lave s wooden screen placed behind them, 
Al» good foot light niieropho'nes are wanted and a properly 
ilesifiied loudspeaker systeni. A gCMxi method is to have a' 
least four— ill the proscenium surround., imni^edi- 
iitely overhead. Aim there, should be a forward position iiv 
i!ic cdlkig of the lm.ll .for spotlights and some means of switch- 
i.Bf on mad of the tii&ia lighring of the auditorium from tie, 
.rtap!, A boarded ic»r for dancing need not extend over tie 
wliole .area but occupy a large eentrai space with the sur- 
.rottii'iinf laaigins of a fi€M>r finish, sdent underfoot, such as 
w.e^ m lino, or ni'bber on the solid.' Loudspeakers 

steiild' he OTineeted with a gramopliooe haA'ing two^ tura,- 
tdbles ifi m small room qS the door where dance record.s caa 
play'cd and' stored., A screen to the bar and refrcshnieal"' 
.ltatA» is desirable,. Since a gcK>d canteen hail can be the 
eentre ©f' tie 'S^kl life of the factory, care and foresight 
sbO'ttM excroised 'upon 'its ■desiga. 'For furt.h€r information 
see the pubiication CmuMem in .(published by Ite' 

.laiustfkl Welfare Si^iely, 14 Hobart Place, S.W.l, 

■prif^. I:S* 'fti,.).* 
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In munkipiji kalh the points to note are: Uut 
nrii^t ho ^eparateci on plan in order to Irl ■ a:..:',* . m --i 

laU's* c^ii no aecimiit i!iterc:t;NTi!i»iiriimle ; ttk^f 

tr desi0ntl m e et^riecrt Imit m'llli ekar ^^tagmg 40.1 
M pmsit^Hium bill witli a fCKMi kiyclsfieaker taf pS in 

: that if a krfe kill only k pfovitlinl lln-n ih-^ 
|}|atf<iriii is li&We to Im draped witli curtains to a iinisir* 
liall Sitage aiai by that irieatts TOfidilkn^ for ifntrn* 

fiitntal laiisie are siMdlcd : timt a siiialk? hail 
IIS a ludi theatre ftliat is, wilh ItTcl llmm) mriil nm'nun Init 
mitli a fore-stage. The /von-y-vi-e is IVr rliiiri*l«‘r 

fiiasic% for danee hands, for mrm^rt for tret urn aiwt 

cleiiioiistmtioiis. The stage must B:C>t lx tTanipt^d as to 
proseefiiuni ^ width and siould have proper mmg %|mt4n a 
seeiaery doek and. theat.rieal worksl»p with rnktir 

.kfiockiiig-up of seeiiery can go on every but not clii*' 

lorh cit„liers, and also w^ardrolM? space and dressing rcwiiis. 
The ■ eatertiiifiinenl Tiianaf er at 'ilklrcflttfitpliin told 
Ijcfore the war, tliiit tlie.ir siaail lial! was let for a,i3«teiir sImiwi 
reliearml) every night and that reJwfarml# prr- 
fiented: proWems. Tlie small hail .is dm iwftil tm 
tr»ii.e cinema shows wit.li leas se.rved. The treiit* 

.meat .is most impi>rta.iil : a §di^^ nn rear wall if drsitiWr.. 
mad the rear y.'.;rt -ii!'.- '.-c:!!-. and part . 

:soi:.iL4!-al)'r;jr!>:ng tmmtmmi : the revertoration hfarc miiit 
he hroiiglit down to 1-2 or l*S -^eoads'CSabifiif forniuiai) for 
* liall theatre sealing to 7M 'pe:r»as. If it is wp to 1*5 
or 1*# seconds, amateur players (and prof?>.>c.--!4-a-^ also) will 
not niake thrmseh-es well .heard. SuitaMe mk 

the paiiitaMe tiles, fat^ie o^^er €|ii.ilt, a.c«iistk fell »i;rrrtted 
and prieked. Acoustic plastm sad t.iles of the 
■vmnely a.re not .serricesMe where niostc is a 
owing to seleetivc .a.hiofpl.io»... 

Ei'MMtim kaMs need hald.fyiidmmerital iie*§iff4 ffiilKMiy- 
ing aijditoriuH'i extensba and eontraetion ; iyiiiif %md 
^ereening to pul as rei^lors ''behind ©rc*lM*slms 

‘ How well ainrteew l»ow ^ ^ 

from letta h ^ ^ 

;’rt i:::”':;-.;. Tbrrefot* pve <■ 

,? 'T ^ ’2 : : : v. ? \ ^ * ■ Ai «l ^ 



Fig. Ueq^mmmU for Scliool Stages. 

required : moTable clM>ir st»^g ; the right place for organ ; 

eiitri» anii exits; skeletal prweeiiffiiH ; special 
m%tm at a liigi level for dance ha/iids ; l»xiiig platform ; 




* The wmmn wiv a»iyltert» »ail m»m . ' . ' . ' 

stage sue! nc.* i.cr.tr-nt willi tM p!atf€«,i, to f»fcS4»* 

tlie teaeMn-g -of rq^wDei ti:^ »* A t«? 

C'liltorr, use! kr^vj hm be IWB awl t > 

.}K-^k judiWy. ' \'- -.-^ -■ f; " 

ami m^tlie tfe*4itrk-iiii i J ,;.. ■ -- ■; 

notes miiMsdy not fodsbiit viUl ■■■■::■■■:* I ■' ■* ■:■■!.■.:' ■-.■ .■ '■ ' • ■■ 
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PEACTICAL ACOrSTICS 


\rfTh:N SIIMMl'll lEQriiiEMENTS FOE SCHOOL STAGES 


fnmit a pmsemmm areh and make stage house the 
nlh^k midtti of the hall or wider : a fore-stage of at least 
t| ft. is essfTdbi Miniimim dliiieiisioris : 6 ft, fore-staft%. 
It# t! iMdiiiwJ Itie prosceiHiim areli, minimum prosceniiiKi 
23 ft, liy 16 ft Them .fore-stage provides a rostmii, 

lor ordiiiary seliooi !ectu.rr'S\ p,rayers, etc. ; it almi 

|iro%’icies fwd aeouslks for music in front of 
areh. There mast be .steps up to fore-stage, and if dmm 
m to fore-&ta,fe art^ prenided it will lye fouiKl that Shake- 
sfieare's ordinary seeoe •y-L.-'Evcs can be much more easily 
iluiie. l/'-'jle,!:!}’ Ilie fore-stage needs the tw^o pageant doors.. 

Tfie lieiglit of a level stage above a level floor ought to^ 
k' :i ft. 1(1 ill. Also it is im.portaiit to make the flcxir of soft 
aril! solid so as not to creak : if of ha,rdwood,, then sets 
canaol k nailed into it. The disadvantages of a sloped floor' 
out weigh the advaiitages for amateur stages. 

Hear wall of sta.,fe to be hard plastered sue! distempere'd 
.. r; V liflil ereani, thus giving a background suitabir 

for liftiting and also useful for ■ acoustics. ThiN backgrciiitiCi 
cm lie made into a mdi.ineiitary eyeloraniM by curving tia: 
ends m plait: .but the illusion of space is perfetly gi'ven 
by tile pikiii furfacc : it need not be curved. No, wii-dows. 
doors or »d»to» must be placed on this rear wall. This 
,ii iiiiportaiit. But then some access must be provided behind 
flit teek w.'aH one side of the stage to the other. 

.A stage workshop or some adja'Cent room w^hierh can be, 
used « such 'is highly desirable. Theatricals in, the sch«>:l 
to eavisagC' the designing and painting of decorative 
«l$. The amateur artist, carpenter and eieetrieian will ,'a,i 
'Want tO' coii'tiibii,tc, »a,d some real training i,n ' taste 'Ca'ii be 
got by that means. 

Tl». upper portmn of the stage ought to, go 'up as high 


rydwama— •» l»ck wall fainted widte — ifiiae«l,laleJy gives '' 

tk« : fof loitew m ^ir ^uger'^s mw St. Albans Secondary Sclio©l 
!.. .!.! ^ r rLr/ki v... ^ ^ ^ and as effective ‘ alcbemist’s mve ’ 

- ' - > \ af a retort and condenser ftom' tte' 

naight lyjC'n the cydom,^ from « floo'r llgkt. " 
‘pr from the grid above. With, simple cyclorania 
i fjre*tag.e, as enuined k %h^m notes, together 
hr j. ft is for iastaac* to do any of Shake - 


m4 hi 


.,r taro win:: 
L/Li-rLtorc 
0- an aaiga*- 
ri tri£. k.% ; 



SOME TTrE-^ ICIS 

as |M;issiliie iiito iht ha!! rmt. lk:ums Mk to lakv cutfmi 
rods and €yes for living ■^ctM^ery are ^'afited. 
equipment is that sIiowb on thr plan I:IL r.atarlp. 
,a ciirtaiB trai^k arranged to give two fdaues to enr'^mri’^ dsid 
two iatermecliale sets of si^eiiery ryes. 

Ill res|>€ct of liflitiiig : lights in the hall In- double 
switclieci so tliat they can Ih!* eoiitrolled fmm ytih tiie liali 
aficl tlie stage switehlMi^ird, ¥tug% mmt Im! fiTOViCliil for 
current to lantern or ciriemn l^:■■ .;...: b. A trough witli 
renvovalile top a'boiit IS ft. might to Im- pros-ided for 
taking footliglils on tlie front of the f«>re-s:tagr and also pist 
ill front of tlie rear wmlL There cMiglit to Im* a lighting iw'ilteti 
|M?rmafieiitly iixccl 18 in,. iMdiintI iht primeeimim eiirtairi. 
CtiliBg' lights on the platform oiiglit not to lit* Hirip-irsinl 
hccaiise they te:ad to get in t,l.ie way sc^eiiery. A place for 
the switctiliiaHl oiiglit to kw aibwec! 4>fi t,he leff-iMinl »i/lr 
of the stage facing the aiidieiiet. On the .right side 
of the stoge along the sble wall tla?re oiiglit, to lir a tmI cwi 
wlileli eleats ean Im» lixeti fo? to pull tlic^ mtmmj ap 

and down. 

-feme |Kisiiioii tor is very desiraMr ; m mx%% 

in the ceiling at one hay .fcirwmfcl of tfe pMIbriii or rewm 
ill wifiiiow reveals high wp on side walls ■«« h: ■! fm 

this ; -ir. . 

A ■ ’ O'. T m »»i»e mmm% of A«ms for teeiicry^ lo 

wings is nercssary. thmigh often ciiBittcd. ' 
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DE5irAl\T; FOR MUSICAL TONE 

iS F.oucATioK in public taste is perceptible; the radio 
is no longer a padded room but a carefully designed 
I'omtrt rotiiTi. and a leading gramophone conipa!;y reports 
a rral demand for music records giving more tone quality. 
This may lead to a demand for tetter public concert halfe. 
Concert halls and music studios provide the more interesting 
and difficult problems in acoustic design. 

When Niktsch stood with suspended baton, in the first 
hall in Europe, waiting for rustlings to subside, he 
knew that his loudest staccatos would be absolutely clear 
witkait the suspicion of a bump, that his strings in unison 
would have that envied ‘ singing tone that brass would 
he free tet not deafening, and that when the solo violin srt 
bow to fiddle the exquisite instrument would steal up ami 
itewn the upper register with perfectly balanced detachment. 
But we must not forget the requirements of choral music : 
a kife choir sounds test under modified church conditicas, 
mid a ffXMi concert hall must provide sufficient revertemtkw 
to five fullness of tone to voices. 

ftiefly, a piod concert hall lias reverberation without 
echo, and has in it the right noixture of absorbing factors. 
We have aid tl»t, roughly speaking, reverberation ought 
to be 1*6 to 2 seconds by the Sabine formula with a full 
audienoe. This is an empirical figure founded on oteerra- 
tion of good halls. A large concert hall intended for the 
proper hearing of ehmal works ought to have the longer 
reverberation as a minimum ; smaller halls for strings and 
iolo instruments require the shorter figure. 

So far we have ransidered only reverberation at middle 
pitch. But for music the whole frequency range must be 
considered. Now absorbing materials vary in efficiency with 
shn-wir.g reverberation time for a particular 



DESIGN INC* FO 


nil 


tiiill iit middle and iTeWe. W'Giild l^e a Lci. 

bat w'oiiM show variations oi wvtfhtmtim. 5m 'h a 
B called the * rcvefIx-mtioB ebarait eristic ' at ' f’' . . ' 
curve ' of the rcMJiii. Thinking first in pmAmil rie% 
is fGurifl that a gocKi, iKilanee of tone m betwrrii !fr!)h% fiaddh 
ai!d bass is \’ery desirable, and tlds ran In a 

violiR, in its own register, by noting whtthrr a |ik>er ran 
use the %TOglit of the bow alone for all notes i»r iiiiisf 
peiisate for the iwm aeoasties. -Aim mnm the si<miuvti\ 
of the ear varies with pitch, it is , *, itieal ^r? rr-'-' -y 

eiifve will have some arialofies with that vmutmnl ilyt 
also since l!istrti.mcatal tone eoniists of corn bins! i* ins ui 
fnndanientals with overtones,, it. is clear that rmmi 
piiist, fey selective mwMy tmm ami ran 

iMTihancc or spoil. And 
we ind for liistanee in 
balls with too mii€.h 
porosity-absorption S 

f UTOastle ■ tiles, piasters) 

which al5S0rb at » Mfli : 

pitch t,liat the , quality igjg^ 



:€Sii«d, ‘ of 

tone is spoiled and 
iiistwnaeals K»nad iwll: 


€mnm. 


or that, in natisic studio mbMiplioii fey cmrtninf only wii 
leave the bass wfiloiiehed -mA * bwei ’ will he the 
'result. , 

The effect of aiidience foetor ts- the atwwlieii'l m 
to afesori) p3>.v€‘7'fj!!y over m wide and laiiMfc 
and gterxTiCy ii:.pr-..:*vc tone* yet not to .fricsricic rfl tl» 
factors necessary for f«M«l mnslmi Tt-'iinTi^nx:d^. Tht^ 
€lir«jt effect of the aiidk:nce facto on resw lK*r»tioii is iliowii 
Ifi some interestiiif tests on the Cai“: ‘Tl:. t®| 

and other Swiss coaectt hallf.-^ It mnft - : -■ *' : . . " in 
designing nittslc mmtdmg stnito lliis jKr^rrfii! mmikutT 
factor is ateent and aiast fee eofiap«isalfd for fey tiiifrk 
exterislv^e felt on, '«liiig as well m walls. But otiirr sh- 
'Kirl»iits are required also., Bece®l re^rch by flic 


S-ee M'?ytT an,;! u-t: K 3 

HJtk' Tr-Vi*;' V. 
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liirlit mi sdeelive absorption.^ Ilroadcastkig 
aft first to suit the micrcipliorie but miisic 

im nuw r r eoneert rmm eoiiciitioas and, 

thr^aigfiniil the liliC. cKperiiiients, ear tests were studiecl 
ifid alvi till* reaction of the |M*if0mier to the room in wliidi 
ptTforiiMHi It is not eiaiinetl that the tests are firiafi 
but mmt praetieal results were obtained. For 

iiiifftfiee, iniieh more' emphasis must now te given to the 
part phi}’rd by liie rcsonaaee response of lining materials 
ill a riKMii (wcml t Ikx>rs, r^artition?,, plaster 

©II latli mlinfs) in x n of low tornes. The pre- 

IxiiideraiKe of Imiss absorfjtioe in ail halls is probably by 
means of tlik striietynil vibration. Wo'0.i and 

kmrei anti Imtien. i«>or, give the most s:-i:isihetDr}' results 
over a comparatively wide range: next comes piaster on 
wTOil la:th, and the wide use of this tor wall linings in music 
itMifiiS' is . w^'^eoriiniended, especially where wood linings 
caiiBot Iw' iisi?d» WiK)d i In. thick on studs at 

24 in* CTiilrcrji Is aoted as giviijg^gcKxi results, and, if of, 
less Ihieliiiess, then 16 in. centres is .recommendeci : it is a 



eurv''© a,l, that pitch. .It wm found that risk is 
i i:.'»iich liaiiip are 'iimde in separate s,iii'i,aller panels. 
Exi'crinieiitni work here is not ■ complete but shows t,Ms 
tendency. 

Fi^in these and, o.tlier empiriiml results w'e can .roughly' 
»s follows.. We Imve for bass absorption W'CXjd 
iniiip, Of plaster m wewi klh,: for the middle ra,a,ge, 
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exteiil bc'eaiiiie any porosity of surfacti^ or aeciiiipifatK^h pi 
OB rough plaster or on reliefs will alMorb * ' pipi 

" tops ' are rieetied to gire of tone. AW I kre k 

coisitlorable absorption by the air of soynds nhmj 
ryeles.^ Also tops arc needed to p%B' df^miim in tnun^ p! 
lifjles In reeordiiig, to give " Iniiisieiiis ' and simiA^ *4 vi»n- 
^oiuiiits. So far from ab^rbirig ia the ttp|H*r rcgpdcT it 
well to provide a good area of g!c^^y >urra'V^‘* mdt ns piiislied 
nM.,j ! tO' increase reSeetion ia tlial wgioii. Fig 

po!ish:r.-r a cork llc»r redttces absorpttaii iiid 
therefore inereases relieelion at-the' top of tlic st*alc. 

Tlierefore the right, freq:, o>' ett.r%"e eiast ilrp^ticl .oct 
providing the right mMare of materials and swell a miMmie. 

Ip 

#r% 


COtK SlAI 
LN^C'^' ^ 

CORIC SIAS 

musrtiD 

€, Ca C, C* Cs Ct C-, 

4-Oq6 

Fig. 20«. — Reduettoa of CoA Ksot .it k* ■'>) i y. ^ 

wbim poUaiied. 




vm very roughly provided by the old voneert hatt* wl«a« 
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r>i‘ h til cmuimkmit for lack of ear sensitivity in the lower 

and of that in the higher frequencies to give 
briflmnce to Inslrumeats by reflecting ‘ tops and to gi%*e 
artieiilatiofi to consonants. But the steep inclines given 
tiv Lifshili are scarcely |K>ssible with ordinary materials, 
Kniiflsen has ciiscusseti a frequency curve such that all 
frecpcney e«B|»iients shall become inaudible at the same 
The p-metical difficulty is to get lining materiab 
flossy to reflect tops and give the high fre- 
qucTicy rise* W. A* MaeXair, the telephonist,, has given 
a practical curve based on ear sensitivity. And this curve 
when reviewiMl in the light of experimental results in stiidios 
on aclual materials, lias 'been used as a standard by the 
National Erc':id,c::r^*::r.g Company of America in music studio, 
design.* The frequency curve for a large N.B.C* studio of 
320,000 cu. ft. is given,. 


U Fig. 21, , with tine 

s*' 5C A5:c£ MacNair optimum shown' 

^ dotted, a fairly close ap* 

a : ■ ’ ! proximation of practice 

q— with theory. The lifshils® 

^ * ' curve is shown in the 

Curve. ^ 

^ same diagram. 

Ba|. method of attack preferred by Dr. Ale.X:. Wc^:'' 
mud llie- writer is to eonsid'er the frequency curves recoitWi:' 
by imt in good concert halls.. In all some ten €xa.mples 
at p’C^nt available. There is generally found a character 
,of smoothness, that is to say, an absence of m,arked maxima 
mad ia.iaima. ; Ihire is a gradual rather than a steep bass 
slo^ and a tendency to fall in the upper register abov'e, 
cycles. Only In the Scala-at Milan, the Philhamonie 
mi Siiifakademie in .Berlin - a.nd in the smaller studios of 
the in America .is 'there . re.corded the desirable ri» 

in the npper wgister, and it is -very slight. More tests in 
halls are needed. , With the evidence available at 


#%. tl.— F»fiie»cy Carve. 


pr«n,| w€ may 


.ilize roughly as follows,.. Between the 


frec|iiesei.e.s 5IM> and cycles, with,in which limits the 

^ K,mi4«ea, AreUketMml Aesmst^, 1^, p, ■4M. .See also Mmgl X 
KsmmundMmiQkiisfik^Wm.p^^7, ' . ■ 

^ %V. a.* * €§^tmvtTn 'Hewfl}.. Time, for Anditoriiims \ 

‘ J^io’aary 1930, p. mS; ami H»ris. md Nixott. 

iJesigK \ iiitd.. Octo’her Ifai,, p..' 81 . 
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ioiidBess sensation of the ear does not 'xnry nmcli pileli 
at file usual loudness level, the eune should b; level mith 
iigmdmi s!o|>e towards the Imss, and alwe umi eyrlrv ain 
i-ittenipt at the slight rise. 

The rise in the bass shemki prot^blj Im nithtr iivm for 
the ease of larger halls and mmrdmg sIucImis, mvl mtler 
less, or even lev'ei, for smaller wlicrr tkrr 2 > 

clanger of Ixcx rtrsmmiiee at low tones. A 
Iwtween a curve tor a kige. hall— the Srak at mum 

resembling MaeXair's curv^e— and that for a iniiil kill 
Gly'rv:lebG::rr.v--— shown in Fig. ft, A geiifraliied nirvr 
is showm in Fig. 23 ^ _ 

reverberation level of f I ' 

seconds suitable for krg e ' 

f‘oiicert. hails. The llB.F. 5 "" 
does not objeet to a « 

slight fell al3w>ve 4CMMI ^ 

cycles. It should be* 

noted that for the micro- Cnwm 

:pi»iie €lyfideteiirnc Ims ^ 

excessive l»ss absorp- .^: 

lion ; ' it needs sonie bass. ■ " * ^ ■ 

slope on the tmqnm^j ■ - , ; ..i" 

curve. I '■'; '■ ■' 

.To sum iip.» therefore, ^ -■ 

we rKimire a large w«xl , 'St ...'"'"'I 

l»:ael ares; and also 
icmaining wall aims^ of 

plaster on irood' kth on studs. Tl»^' area* otigM 
divided into large seetfons able •; -g .r...!A,;. . 


tt.— f ?rc|W'iw’f C'liwm 


ruentioiied above." And v.de”kr.-iis mmtt Imt f»«it mt tmt 
c.-r five irequezides m order te; l::ul tl« p: vd - . t ■ V’ .. . .■.: ' ■ 
curve. A table of ab^beals at ,% ...in . i:-' '■ ■' 

overleaf for this purple. 
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.Jffew sttidl« ia acoustics .stress the imfri:>tt.met Ihfttfet 
of qualitative rev'erbcmlfon in designing for iMiic. ^Ift 
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BESIGKIXG jrOl TOKE fill 

lime wliieh sliall act as a baekgmuad hut 'mi interfere witli 
dtfifiitioii. The ‘ singing tone ’ imparted to Ttoliiis in t few 
food Imlis is probably connected with a revirk^w- 

lion of this kind and fullness ’ of tone for diomi miitir 
CsMinot be had without a re%Trtit‘ralkifi 

Xow it is difficult to get reverberation vrithoiat getting echo 
also ill halls of the megaphone and fan-sliapc^ tyf>e. krumr 
all return reflections tend to find their way back tii mrms 
of concentration {for reasons analysed p„ ant! 

Ibeeaiise, in that type of plan, maxImiiRi mmid k dirtetml 
immediately upon maximum absorbing area. Thi.% u Him- 
Irated in many of the new concert hails ; tone tfiiib to 
strong and articulate : but. in order, in large halk to prevent 
the danger of front seat echo,, absorption has to be inlioil wcl 
IE .large quantities, and as a conseqaeim* rererliemtioii is 
sbort^.. It means that the megaphone type wi,ll not easily 
give the. kind of reverberation on 

desirable for music and is not -really sMiSeeplihle to taalysi:!# 
.by llie Sabine formiik. This points to an advaiilafe, iw 
mttsie, in the older type of oblong hall 

Bat it is sot eiiosgh to treat the old t¥|» of pkii la tM 
viiii liapliazard inethcMi, TM mim m M4m fo iiiMMi a p&riiat 
Amrpdim mmim immmdmg j: ! ^ ■ T 

inter-refieetiGii frmi &ppmiie ij . ■■ 

the demraUe type femr^aiim (»e Fig. fSa ). , 

.B«t * harmless or random rrverteiratioii is emiI fa«igh 
of itself. There msst be enosgh first-ieflcctb« wMind 
gi’ve definition by jmst drowimg out the rcverbefalioa *fml 
making save it is a tmckgrotiii-d only: and for tbit- ■ - 
m area of useful refl-^-ors Is required near the ; ' ‘‘ :* 
,a5o it is found that if -the Mfh,ton« are well refleetrti* 
articulation is improved, and pimary soiir& mmt easily 
stand out against backgrou.vd fev»i«»lion. This 
'■^points-to the need for hard glossy arex^ ul'>/ f.r- fi-Ete! * top*^ I 
'tt lo|» are active then esm-sonants in well 

"heard and Mkemse the S MEinds m speech* 

Another factor ako enters mM re%Trbe»tioii imi^h 
It appE« in practice special!}' to sliKiiOi and imuli Imlls. 
lleverbemtioii in rectangular roo-ms really eoftsiits of Hate 
sets of mter-refleetions set up feetwefB the tliwe |»i» «>! 
parallel opposite surfaces. It is hnpwtaal tint " 



Non*synimetrical Diitribiitlon of Alworbents. 
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reverberation times skmM !:« rougWy q -( 

Wend into one smooth tone* An c xtrmm iif I hi': o| i| ^ 

is foiind in * tliilter echo 5 m'hidi is iW rc|x:liti^'ei of 
pnlses ilhtincily liearti bc^tween a singlt luir *4' op|MV%str 
hard siirfaees, find lasting for a mitummihlt rr\i rk“ruhi*t^^ 



Eirverb^ru-V' *11, 

time. In iutter eclm tlM! very i^Hi mtcniils trf time between 
iwises are not Med in by any equally kmd juter-wifertkn 
between a second or thM'Set ot refiectors, and llntter wIwj 

is heard at its best, in ,rail*iy arches '<vi';tCc •' r , , ,.r »•• 

are of conrre IW' per cent. It is also (mind tpdtr 

noticeably in high board rwwn* between shiny tablt.* top ard 
sirapite ceiling. Birt in redar.gnlar rosiU' it I' p- '*i! 




11^, • II A t' T I V A I., A e a r s t i t s 

I mo of miequa! length ij ll«: 

iil-iijffthm is !M:Med m mm mea of the rmni oit%. Then if 
], lii'ViA i:r?ipli *'>f the reverberation be taken on an iiiblrij- 
hxut. & vune liavinf two slopes iiidleating two reverberation 
f em tiftrri lie seem This ’ivas pointed out by Van t>k** 
jiittl hk griipiis for a studio without, and m-itli. absorpt-Ion v. 

I hr r part only, k illuitrated in Fig. 23b. The two sIojMS 
liriioliiig two separate reverbe-'ration times can be clearly 
ill tlif lowTT graph*- This non-homogeiieoiis 
litiii is iMd for reccirdiiig studios and for eoiieert halis, and 
mn Im- by the iion-symmetrieal distribution of ah- 
siirbiiif malerials over the whole surface area as in Fig* *ia€i 
al»ve. This applies also to the Hoot and ceiling oppcsit.'”-' 
ill studios where there is no regtiiar audience : floor nigs anci 
ill Ifee i;r of ateorbent are desirable* 

It IS also po&sibie to increase random re%’erberatiofi bj 
i Im imdiMKi of diffusion ; “-ci- pp, 70 and 8S). The aA^ail- 

mhh i*videii€‘e |»iiils to the fact that while diffusion can be 
of great use in eoiieert balls to distribute lo-udness and ]>re\'er-if' 
relioci, yet if it is med to in music studios and small 

ltalls,,,ftS:, for liistanec,..,. by entirely corrugating all wall sur^ 
the Miiind is tcio much randomised and a rather wooly 
elittaeleriess effect k p-r«>dueed. 

LOCJBKESS IN ' MUSIC 

Ttecpesiloii of loudness has a bearing on praetical design. 
The wecvis A Givivdebjurne* to take one example only, was 
cwiritalei. to by the .»»» of p^Mml loudens, or reserve 
|M>wer in the Iml : it eommuiiieates an exciteHicnt. On 
■pilenlkl depends the ■effeeti\’'eiiess of the ere^eeni^^ 

wliieh if wide iii range mu impart the sterec^eopic or tliree- 
diaenrioiial '«|«ality to mmhmtml. music — ^the property of 
flic few! eoiittft hal, and necessarily lacking in reproduced 
iiiiisie* €oiiV€f«lyr a Iiall in wMeli tone blinds dead \ or 
the s«ir<^ remote, will not ^mvey this: quality and can 
seriously dimpf»liit playars and listeners* The ordinary 
mctto-forte level of cwtetral or piano music appears to 
sil»iit ® db* tl»ve threshoM mi . 128 cycles,, rising to al»ut 
* la * AuilliKtiiiii Acoi«ti« Rewrfecnitfeiii % FMUpr Techniemi 

u't*, Ik 
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Tfiis riirre (see Kjmdu*n\ Fig. 71 j gl\i% dm m nh % If 
elixir ilintioii of eiicrg}^ over Hit &calt% Mmie to l.v iLjinabk 
ought not to fiili far below it : wbeii. for iht Idf.^r 

quarlelle iwiormed in Qucerik Hall the b%s af suimjI 
oxperieiicc wws marked. Clearly there mu%t in* m ^ r ■, ^ ' 

toween strenglh of murct and si-ie of kill Wdtmm gnr% 
a dumi&Til Bs follows : an imtminciital n:-jz rt.. j : ■ 
rc:r^h!y IM mic'rowatts of energy : the total energy of *fi 
in micrciwalts owiht to vary m thr |-|M^wer of tlif 
vokme of the hall in feet niiiti. or very* roaghly as the llixjr 
area. This would mean that a haB of 'I* • ft. wemM 

.require an orchestra gi’^dng B4m WkkrommU or t* iii^trii- 
mmts^ and the Albe:it. Mall, of volii.iii:e ■“ . ^ eii. ft, 

would require an orchestra of 2W mstmrnefils. For very 
.la,fge hals the standard does not hold. In |3rac*tkt the te»frr 
reverberation fonad .in large !.:iHs .fiv« a * fyiln«s ’ of tour 
which c?oiiipc.risales, and in my view it artistimlly of fitml 
impoitaiice. Again^ since reverberatkn varies iiivrricif 
ab»rptlon m nsefal ratio-— i^n very loiifh— caa l» givrii 
fey t!.e mimfear of iBsIrmacfils to Itie total of 

units of Er^serptioLi. .Thlt k pvcii by Jtmas a* one .imtoi* 
niait per 2W units.® This ratio m uiwfiil for miiiic 
where volnme tends lobe smaM a:..l J-.-r.;!!' e !,ir: 
factors in the prcxliiettoii of towl»«s are 
lOuiKi platform, and the ptwrnce ©f wood,, fly 
footh th^ factors ia tl« Albert Hsdi 'fwati'j" 
iriipro\X'ineBt was effected and the ergmemi^ wm renwrkablr : 
the Imli by this nieani was madfe sewiemblc f«r mrdiiiiii* 
»i«d orchestras. A kr^ of wo«i wms 

varoished, thus inermsing *to|»", and fi%iiif 
ness "A This was the imm- beca«« of the 

tmm of Wgh tones by the air in so a l»iA and fetnet 

^ V. 0 ., ;pp, .ii:..! 

lie h dasvii Mi Tefcptoae feak . 

‘ Alnitiliitc AiiipitiMM %wt» cf Vcftnitt li&lry 

Kieiitti aiid OrehejatriiS." JL Ac-jmL ittl. ' 

‘ JeaEi, Sdmee mi4 Mr.- «»■* . ' 

* For dela^ih of tkf A'.d^ri ri.a. ttwtaMit^ mt BJM4, f*.if 

■All gust 11141 . 

For ii study ©f this mm Etol «if Himiflitp 

im Ab-sotplicii of in ^ u.:- .aid Pt.-:-; r ....'T \ t j ** ■ - 

fpt Aim>rptim of Smimi m Air -./a . V.'v-. . i 'v.,.**/.. . . 1.. .■ ^ -'i': ' I : 
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tin- tu a lack of dfjinUion in remote seats. A dk 

(>f the varnished resonators was that tone near 
,»t haiMl'was too bright, almost harsh. There is also the 
Ilf the solo instrument in concerto music. Knudsen 
says ■ the diffirtncc between a single instrument as may be 
y^d in solo work and 100 instruments as in a symphony 
nrehestra is a clifierenee of not more than 20 db., and usually 
is nnuh less liecause a soloist always attempts to generate 
lui adequate antount of energy for the room in which m is 
'■■ rf— rhre, r.".'! nn ..’. ersige his pow'er output is in excess 

« " K 'i r , , r . * But solo instruments vary considerably. 
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■reki|>ei for loiiilacss, em bold Its own superbly ag^ainst » 
but the violin — still in its elghteeBlh-eentttry 
state— is less fond, and a violin eoncerto is less adapted to 
tlie weight of niodeni orehestras. For this, and other 
the, imetliod, tested siiee€s.sfiilly in the Albert Hall, 
flaeirff m hardwood . floor refl^ector Just in front , 0 f tl» 
'filiitfom'i .is ©f eoiisidera.ble nse. The dimensions of this in 
A,ib€fft Hail were 10 :!!■.« by M ft- Siiiee. ’cellos also laek 
lo«d»c». Sir Ilenry^ Wiki’s method, of bringing h.is ^cell« 
forward to the right of the 'eondnetor, in the position nsntlly 
C;rri*upit's! !)y the sw>.B.d violins, m an advantage. 

Wien c©ii€eft.s arc! given m theeire$ londness problems 
often lurlse, owimf to the short reverberation, and owing to 
the pre^rMiiinu iiiileh acts as a serious baffle. The ni'Ode of 
altaek is to build out a fore-stage for strings and keep the' 
brass behind the proscenium. For the sam.e reason halls iis«i 
for coscerls ought not to- combine a proscenium, and this 
is specially important for choral music. 

In the above remarfa terms have been used in 

fts^d of musical tone, which can now be roughly defined 
as follows : " FmibMs» ’ ef kme means full-pitch elmracter- — 
q ::G!:!y — is as^x^iated with a marked reverbera- 
t...cr; : it. h be>.:. illustrated ■ by a choir in modified church 
condilioiii, but applies to sbrlni^. ' In my opinion it is 
the most valuable of teme ipiaiilles.. * Sirm0h ’ qf tme is 
the acMevenacnl of adequate loudness irrespective of rever- 
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aftimatioii and cletinitbn, is due* to a?i tmphmm eiGwtrtimm, 
aad Is associated with the prtseis-ee of wc»d and of piliited 
sttrfaces. ^ DeaimM ’ is a lack of lose rxperiefiw dtat t# 
0sw-a'bs«>,rpii0ii in a hall, or of abso-rplloa at fiigii pilcii wilii 
-coiiseq'iiciit rediielioii of chameteristk ■ o'verlcMics, or diie 
to a sinaple lack of loadness as llioiifli tfee so«rc« 'wms %m 
far distant. 



IX 


CONCERT HALL PLANNING IN DETAIL 

WE MAY summarize briefly then the result of new studies on 
coBcort hall design : 

The oblong plan k preferable to the fan or megaphone. 

A moderate extent of splayed surface round platfotro 
is desiiuble, and this can with advantage be slightly convex. 
A good concert hall platform is not corajjatible with a 
proscenium arch. 

The rear wall behind audience must not be curved and 
mast take the r-irr’ii abserptirn ; but remainder of absorbents 
o*^t to be distributed non-synunetrically on side walls 
ceihiig, including strips on front side walls. 

The hall must eontaia a large area of wood panelling 
which is improved by and plain wail surfaces 

oi^t to be in plaster on wood lath. A strip of hardwood 
flw polished and uncovered by seats is desirable in front 
of platform. 

The reverberation times when worked out for treble, 
middle imd bass ought to give a satisfactory frequency curve 
far the geaml musical purposes, as djscu®«I above. 

SOME COKCEBT HAULS COMPAEED 

The b^ tradition of concert hall design in Europe centres 
upon the great hall of tim Gewandhaus at I^ipzig (Fig. 24) 
by Gropus and Schmieden. The haU has a fiat ceilii^ with 
covi-'. .r;tt ( avc J .icgles c!i |&n : long echoes from i»r wall 
arc reduced by grilles and draped boxes. There are no 
carpets. Fkor and pktfcmn, and likewise some SOW sq. ft. 
of wood are kept rubbed. Seats are f®rtly np- 

hobtertti, asd absorbing matmal in the form of, fstele. k 
distributed in alternate piunek abi^ side walls. The teM 
has rra! ‘ fullness strings are ‘ ’ and rapid staccato 
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li# Ilit* I The s^^gmerital ceiling type was the result. 
Ti’a' great luill at the Eoyai College of Music is an example. 
Hilt m*e have si^n (p* 84) that the segmental celling eoii- 
refilRilfs soiintl iieiitdy, and since its adoption it has in 
Ihet caiimi liiorr »rious c»rap!Eints than any other form. 
This is iioird as a development oecurriiig, and eausiiif 
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Fig, Town llsi* : C. €. ■ , 

tfwMe, owilf to iii«fflei«iii'biowlei^.. The method of 
lie fiflil: levertfsmtkiii of eottrse, to adjust total 
Toltime t# totii! ahsorplion as airead}’ descriljed, and provide 
a iat ceiling that: will distrilwle mmmd and, aol cause eclio«. 

Tie.'Cofetoa, Hal,. Brisicd, Jones and Cummings, was 
quoted as f ivifif a standard' of food tone in Phnmimg for 
Gmi list: lie Mi Mi 'ticii' a caleakted 

rrrefM»l»«i oi over t with 171^ seats occupied, 
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iKitl 5sq. ft of TK^mmid ^tru, anil gm‘e ;i fgiie fail 
for iii^iriHiitnts and ¥oiees. It lMi*s ^^inrr hid tl/.' 
iiiiTfastd with a „ mfyctkHi m l 

and ea!m‘C|iieiit senom V’^n-iAy-:n^ tlie miiMvitl ! it ^ 
of BrKtc4. Where a llae elioral tmlition txi%\^ ii,i n n 
hlioiild he rc'eogfiimi as a.fi urtistk herituge and i^atrinlh- 
earriecl on in tlic eonc^ert lialls of the rity* 

The neiv town 'tall at Watford, hy llr« I , i. k 

ii good modern caxampk im whiel tlie €mn't% %|diiy iisrd 



27 v— Gte^w ,Esfc 4 Mli^. Hall. 

Sir SohM Baw»t,- .Tail mA 


witli advaiilE^ {Fig* tSh ■ But if l»lt iletipicd h F!'* r 
for miisio hme tlielr pktfoims rif^ with riirtoiiw turf 
l»ek-clollis the tone of wil he tuTCfl. ^ ^ 

The eomcert hall liiiilt hf Sk Joh» Bairirt, Tail anti 
liOmc foT tvs- Exfeifeithai (f%« fT| illmifMtt ilw 

use of orerheai foiive:^ side »r«fi% in w#w^i m 

:!.'K,Ti:ra;:r nariK fat .a.d a/:" r. . ^ Here.* . ’ . 

e.i r-ikl w;:h tone *iiit mm^ 

]w:iisjLted il.-r a short nc-v ^ 'rweAwlfen iwie 
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W’firrt' It orgmii k to form part of a concert kail 
ilunt it rrtjiiires a light thin grille, not a hea¥y fihrans 
pkjsler grille, to sereeii it. An or^n of the einenaa tffic 
eaii Iw plaeciJ Ijehiiid %^mts fowl ■ requires large openings 
l^lwecfi tlieiii : aft example k shown on the n:at!o:*ni of 
file krgit tiall at Wolverhampton (Fig. 2S|. Care was taken 
«rt'-F the aeoasties of the Wolverfmmpton halls by the arcll- 
tcf/ts, Messrs. Lyons & Israel* and it is refiorted 
Lrr4.=’!^ral'!}’ hy wiidiietors. For organs see also p. I3CK 

rOHCEST HALL FLATFOSMS ^ 

As a fiiide t.o the' number and variety of nistrniiieiits 
iited, the* table ■, slewing the eomposition of the 
Chre.hestniys is givea here. 

Tke OfikeMrm- The smaller orchestras into 

which the full B.B.C- 'Orchestra ean be dl.ivided — each coni- 
|i€*te ill ilJcIf, and suited, in nuriil^ers and balance, to- the 
typts of riiasic eiilrasted to it, are.: 
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.! 
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1 

C. ! 
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'f!'*; liiLC’. Clrehestra A is large: few pro- 

\ fhtimm w0iild have to designed for an orehestra 
ef Biitfc than eighty players. Even the big worlch 

when t'hey loar seldom take more tlian 
-ifejiif 1111 players. These flpires represent the standard 
liiLC. ecsiiiliinalions ; frequently’ provision lias to be made 
Oil ! fir pkl form for the addition to the finmlicr of ifisiniraciits 







t' O N i.: E g T I! A L I 


,\r. 


Gciieraliy t,fie players* art .M,'atec| a* ekne h* 

other as possible. Seeo'nd IkMK are lisimlly mi ftv right 
placed in the same wMy m the first fiddles ; or on tkf Irii i 
to the firsi ficiclles, in which ea.sc, aalrss the flat h mdi% ! hif% 
will extend up the ri». In this the 'erllm md uelg-i 
n'hieli might otherwise on the ^ riarhl Me hm%4 

ii|) the ri«s aficl into the the |»,rl of the flat. 


rf©to,— The violas ui 

the right centre. They tk ■ ■■■ nm s|»ri‘ fier pl'ivrr %% 

iddles. ^ ■ _ _ ^ ^ 

'Cdlm mmi Bmsis.—The j ““ 'h 

Velios and double bosses , ' 

are difiicult instninients to ^ | 

'trouble can res.iilt unless ^ ' T 

iiic level part of eaeh tier ! 

m adequate to take chair, y 

ttiuslc stami aiid the ficg of I ' ■ 

the iiist'iiiBieiil without risk 

of upset or ,cistii.rbaa€e of. ■ f I 

tie players in, lie. row in I 

iroal.,. If for .«iiiic rea»n .' ' „| 

it is impossible to pw^ ; 

# ft, i In, tiers, extensioos ^ 

slmuld l>e provided wiki- _ ,„,.r 

can l« used to MiM up a ^ V.' ' 

tier to lie ne€«saiy widti. 

These extefiskns must, 'be' made to ,'it cl«e mad true, sfiil lo 
l» «ttre a|a.tast all moveineiit. There miiiit be m risk of a 
eiair or'' mask stand fef or ‘eelfo sMppIsf into tlw |«iit. 

tVmd-3¥ ini.— Them are 'ii.siially ^ett! rtntfally ; tlie 
players of each ty|» of inslmment sit side liy Mile, sliAfinf 
one desk to two playm. The saiaBcr iiistiiiments iM?cd tio 
more rooni than that required by a .: iprigM with 

a niiisic stand in front — ^ ft-* hy f, 11- -k'-''*' ■■■'"''■ 
B^s«»iis meed mow spKC latofsiy, -k/...: ; 


^ Suit- - 1 r 

^ir iltFiTv WisM^i's ;,f ti; 

r^mclaclnr (iLti rnfftspe^niiing 
4 ^mble rooie alxwe the:v: ^ 

il^rA. Tlii« enables h- 




sitliiif S|»ee wltli, of course, pmvkmn for the miislc slani. 

Instriiwiefits* such as trombones or tubas, shoiili 1m 
■gwem aioie,, Titimbories must be given room, for foil e,it€a* 
mm elesir of the slide. 


be oblaineti bj plaeiiif the former at t,he l»e,k of the flat In 
11^ centre* One player may deal with two or more inslFii- 
r»ciits, tnd spare mnsl be ealeokted acwrcUngly. ,As miiel 
M 15 ft. length of tier eMension may be wanted. 

iwd a seitii-elrele of belwTcri to 3 yd,s. .in 

dlanicter. 

TM ftgtfr#.— The |«Mltloii of Hie organ and the organist, 
fiffd Ite the »rae. It is as necessary :f 0 .r the oigaaigl 
to be in elone contaet with t.|ie eoednetor as for any other 
performer ; to hav.e t.he console in a gallery, as 

liiwfmefiy at ILiIL is bad. It is possible to armnge " 


a imiTor. 


lilSTO 
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Mil ort-hi^irw af iHeiismii <.i/e as wd!. Thr tmutlttr* ^.f ■ 

r] ,<rus rail b' stiKc*! ' ,- .-fm* ttM-ai b i»fl i r » 

Geiitral l^'tntf-rin ne^ni^. S..n!<» *<? ihf ildail ^ 'i ir 

N'cn Riven ate\-e. M:]‘- IwlK nwi, h,m .H dn 

or rises reimivabk ;s *■ tlw }»latfi.TOs for 
than concerts, but if this is so. a.i'k't|u«tc storage must Is- 
provided for the tier units, whkh are stwiti> iiMrfi' a«4 
heavy, and cannot easily be rnovwl far. V gracd 
occupies a space 9 ft. by S ft. 2 in, iKif . Xn. 

The FiaL~The fiat sfaouki be w ft. t« tti ft. in width. 



* A I-iTcv vh-r.-s mm"- i-”-"- " -■ 

clioir staging ijt t.^nt-ntiaL ^ :. ■'.■v. - .■: -■. ■'■r.-. 


FKAi/'r ii'Ai. 


t u4*> ,iiiil dtiubii^ blisses, tliusi l ■ :diniirii VMi^ 

ill the layout of orchestra-. In rihiinbin the rises il 
%hmU In* k>riir m Blind tliat tfie platforins of most iialls 
will on cMTaHions be* used to seat part of an audience— at 
nia^s etc. The tiers iiiiist aliow tliisd The Yertieal 

tiiiiii-'imiiwi ii the rise eaii vary as long as it' is sufficient to 
assure tki^. yl;i,yers and conductor are in view o'f each 
oliicr. It -jI.: l^e remembered that the audienee like 

to see the players, A good depth is 1 ft. 6 In, ; sometimes 
frester depths are 12^, but are apt to dangerous. The 
should ctin’e round ; the more the radius of the curve 
euii Of Hire on the c*oiiductor the better. 

Pmwmm f&r BrmdcaMing. It is geiierafly desirable 

tO'day to make provision for h'rcadi^nstlng. This invoi'ves 
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the ThtfnTTz. for the amplifying equipment and for the 
eiifiiiefT and the control man to work, ContrivanC'es must 
»ls© l« p:rovided by which inlerophones can be slung in 
wl»l€V€T petitions the ei:perts- may choose. The control 



Mstffii t'O the bwmdesEt by means of m loudspeaker, and not 
hear the orifinal sounds. It simuld, however,, be so situated, 
as t# im.vciiient a€ee.>> to the platform for eonsulta-' 


PMij 


mtiil m to Imve two «l|aasnt rooms, one for the greater 
part of the appam'tus a'lid -one for listening and operstinf 
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Thiir |Mi>ificiii V'ime^ witli tlit tyiM-^ of m%um- 
and wilii flit tym «>f iiiiero|jhc>.iie used* o| 

y!. , tile ribtofs, emn Im-? |>.ketd iimeh n n; 

the pkyrrs tliaii older l.vfief. TIm* arekiit^l %b:*.uld 
to ascertai!! wliat llie IIJIC. ref|iii?etiieiiU m%' likti> ^ . 
wlirtlier or imt broadeastkig Im-s Ix^eii mmtmnfdsibM tkr 
Imll in tpeiliofi. Norfii«lly, isiik^s tl^ hall a 

ccBt»s iill tiai m ncetwiry h tht pro%i^*oi5 of 
Ibdrigs from wiiieb tlie 'tiiicfoijtofie k slung- If (mitimt 
broadcasting is to take place, pti'per mhlm ami %m\h\^ mui 
access l»xes shottlil lie 'prO'^M^ed.. 
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ACorsTirs of tfirruHEs 

riu’RCHEs COME kst in this book, but they are of first 
imjHjrtftnci* : ' v t ...u^e vC t ;;i ;r jv irpo^c. and because cmlizatioa 
stii! nst?. upiui the golden chain of gowiwill among mend 
i hirt c said that our problem in church design to-day is to 
add an auditorium to a shrine. The shrine, the element of 
worship, must be preser\’ed at all costs. Its re-assertion and 
rc-«nb^iment in tine buildings was the achievement of our 
the Gothic Revival and it was a real achieve- 
ment : it has given us Westminster Cathedral and Liverpool 
Cdh tr:i! -if d buildings—and it re-animated church 
architecture. But the Gothic Revival did a dissers’ice : it 
tended to destroy the acoustics of the reading and preaching 
voke. Thousands of old churdws were scraped and emptied. 
T;:s i: lofty pulpts, old screens and hangings it- 

c 1 ; arisi as reverberation went up so good hearing wemt 
down. At the same time r^w eburches were kiilt with high 
vaults, till'd il .»or% ash ehaira, low pulpits. The free church^ 
foibwed the mode ; the fMilpit was moved from the cenfae 
to the aide ; the consequent void demanded the aesthetic of 
the altar and the aesthetic has been supplied. At the same 
tiiBe tl» sweeping away of the west galleries left a hard tere 
weit wall ; eck^ were added to reverberation and there 
arc hundreds of free churches in which the interpretation 
irf tte Wt»d— -tl» centre of the service — has never been 
properly Iward. But the situation now is not that of the 
nineteenth century'. To-day in our great Christless citios 
and houang estates a remnant of Christian people are 
to bring the gc^l again into our lives. There is 
every’where ignotance <rf Ghristian t^Mng, so that to-day 
every' iliyrc'i ought to be a mi^on charcik or inelmte that 

• T!:rr(‘ ij It- v-O sceh ihias as pare teehnology ; pufdy t«h- 
sl,"..! a.jii t-' hteseif bv techisicai warfaiv". 

' *J4 
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Its 


fckoieiit, jiiit as early Chnstaii elinretirs 

basilica or Imli and ibe mllm m sbrine. B’c d^i % %h\ % 

rtactioii— a futile s'wifig the ; . ■ * / mu i«lf 

of tlie two ^ide by side* Mrd to n^r ^.ur 
..r! felaii^’cly cteaf) iMiikliiif fioble 4i«| 

Diie iiiiflit my timt tl^ iii§e?t^ii« btiwttn th*: » m i I 
clmrcheH a«d I'Im? Iwiktiiifs ificir* %x% 

ill tie depve f#f emplissis to be ftren to tlir*%e l«ii rliittefit*i 
lloiaaii and Aiglicaa Isy e^iplmsis m tl^ tfi< ¥m* 

€liii.i^lie?» OR ttie piilpit. The mmmtlm of the shriitr in mu 
extmiie form five the hnig iiiitaMr mtmm^ 

the Mass anil to .vl-. • . ' iiiiisic. The aa.wislk'^ of I lit* 
iiiiditoria.iii in an extreme form five ibc shiirt n err krtlkfii 
of ' the post-Refonmlioti Scottish chiirch wit It its Ifiiee 
gmlleries in €?€|uai aims of the hmMmg^ afi«i 
llie sfiiall ciit>e per seat aad -slMirt jrevcrbrrat^- ‘'o' 
to the old Ihresbytermii iser%’iee, Biil aeillief «lrew hwm 
is logical IcMky. IloHmn and Aiifliea^ ^m>i1 

eoiidltioas, and ilic Ff« C'tawte mm mmtmwi to pt fiwui 
elwral music* Tlils .«a foe ! m lti« poWwii cif 

iadiiig for each Ite -mitafofc coniyronu’sc ia m'crionatJw* 
Yesy ro“i 2 ! :■:>'■ wt esii mj tl»l Bmhah and . 1 "! *’?< ^r"! ■* 
of moderate sl» require m revcffoemlmi foetii«fi t and 
S seconds by the ^foine fotmali, villi ajairly ^ "■ 

. grefstion, and tht Fret Chmicbrs afooil l.*: ! * ■'■- 

Blit fi^ard must be |«iicl to a t ./■ ■ . ■ ‘ ~ 

exisi in a paii-ri. frr'ru?.'.!!} in Yor^Mw town#, 

A west ,4?3.!!ery Is ri’-isieally t-:- }-:ai ■y.:u\ ■ .r :: », ■' 

—it «ii feceome m scl»^ of miiik a^- I. ^ . . . f “ . 

.fell's mask was krfslj written im, wlitatfifd ». |W* 

forinrf In the west pdlery* «rf ehawhci* Bat Ifefi 

Ih# naw mast not be too *nd the wliBf l^y 
gallery must he bard, mt ArMlwf mettwl m 

to design the cfew with B tcvfrb?ratkB» 

the naw more absorbent : ^ m rk«r ti»y 

'in a position to * 

good in re^pejn e: tne .r. ! . It tt W4i€ 

to pick np the intehicer.t and mm lyp^ 

ehareties are Miicfi foeiwr Itow B f«4ly 


siving good aeoustr 
or Earlj- €Lr;sth:5 




iJ-aatminn ' 


or 



Jiiil af, eoiivcrseh^ mvolvmg ^k»«, 'bamls, ^n- 

Hgi ‘crossing’' are not appropriate.. 
Blit !v,> cC cliureh vcill guarantee good acoustics if built 
t» a iM^e sale witb hard modem materials. A chureli 

'seating six iwidwd Is lately to require some special sound* 
:ih> rhlr.g fimtftial uf^i the gallery teeing m Imrge^. md the 




ACorsTir^ or ciirBriiEs 


cimrck udi fiikd. The 

absortieiits are fn) west 'wall, fi) imvt 'mmi, fc) t"l» end, wmlfc 
0 f transepts, esfieeially if they mre deep irMi^pu, 
ordinary building materials provide grealrr tuiurd st/uriil* 
^i}^>oTpilo:L than others. For iiistaiiee, a iiiiic plm%trf li.4Uf)# 
a sand-faced iiiishiiif emt, mi pufed witli eefiM*:Bt, » 
better ttmii a hard fy|»iiiii piaster. Bill if the hme pb%ter 
lie distempered then its slight porosity is dr%tm\t4 Awi it 
loses its advantage. Sound mlm^tiofi defiend^ in 
on porv':!y, therefO're the fact tiiat » pkstrr k nmgh will 
not of it'self eaii,se sound ahsorption iififeis it lias already 
an cif^ii porous t,extiire. 

A lt»irr rmf generally gives betle? 'acouitif mmktmtm 
timii s stone vault or a stone or piasle? eriliaf . ¥el a Iwrnd 
or s^piental ceiling In woiMi mn cause tronWe, A . , ■ : 

rm>f is provided hy the -ordlimry 'iMificipal and purlin rm:if 

having panels of fibre hmrd on the mider skle cif tlie rmftm. 

If these fibre boards are fell u!'idH!rfi.y.ierei!, they will give 
some Si or 30 per cent, sound al»orpti©ii. An ofica €|i«;ti* 
|i€»t roof truss also fives a piod -aeoimtk «»IIaif If 

the »pp»faiiee of a vaidt is ,roq|'iiirod for ariktk pi.r|K-.'sr-:s, 
il can be appitmeii,ei a three- or four-ddci! 
well pitehai. up. Tl» siraiglii sklw av€»d tliC 
the eofved vault siirfarot, and if neeewry emm fee » Sli«' 
bemrd or can lake an altf^rhenl ptorr m 

.Also since very, many aeoostk'* con^ plaints kre i»»odttrsi 
■with iramepl% anew chiireh i-. httt* r >i‘ ^ i.- .'o 

Or if ns^, l^hcy «i.ght to fee. as slmllow a* |K»f il^. Ihrcp 
transepts wil requite -ionnd awi art' llstf^w 

afuinnecemry expi-ii«. 

Emniimg kwr* to pulpits m only wfnl im very kr|f 
churches havinf «iiiiiiteaMe vault Il i» 

profitable in sniai! ehurehes to spend nt4 m m wwl* 

trig tx»rd, but on a sonnd-ahsorbirig tr»tofnt* In 
cfiurehes the sounding CGard to dv: * ■: .'i rn. ; ■...,; ‘,:,; 

designed relleetor-puipit able to ;•* e t' ■■ :'■■ .■■"■■. 

seats and cut off sound that v^'ould oinarv^ e 

and cause reverberation. Pulpits are incri^aH-pa ni i-::.:-.' /: r,:;/ 
if placed so as to .have a back walk .iUo ti:e^ia,«nor.r itiy y a.,r,: 
the better. The stretching of wires in i'her'nies -vScI^ 

Lmmpeakers eaii be u-euu in krge enuria::.-. i' ru?'’- i-- 


PM AfTii'A t .U''Oi;sTI€? 


IM 


Imkeii 'iiilli tlieir loeatioiu design, general arrangciiieiit. 
But where a long reverberation exists they introduce, prob- 
ii'iiis «f their own, difficult to overcome, and which In many 
riitaBres have fiiised failure. In the clesign of a large new 


t”iiorcii, liirrriwr, m mwat, 

S'peci^ Wind al«»r'l»uts so tliat there shall not lie excessive 
;rtferiirrall#iL If amplification is ^itfhl as a remedy for 
defecis iii s larp and . reverbe, rant existing ehurch, then tic 
iiiiicli'|»al,ers oittsl 'be wmny aud-liinitccl in loudness, rather 
till© few and powcrfal. That is to say, a I'lnmbtT of " soft 
speakers ", each reaching a limited area of seats, will give the 
l»t wiilts, and aecttsties t-re helped if a cord carpet is 
plftawl under «»t areas and on gangways. Also ifc. is well 
to haiA^e [ .I^yu-rak:'!*'. switehad In groups, dissociated, upon 
a, wntol bwrd, so that a few at a time can be used. The 
cottlffj board miisl hm placed where the church acoustics 
tit' cxpcrlrsi'ceci during service, and intelligent eO'Etrol is 
n^tiuIrf'cL Finally, pro'f«r nminlenance is quite as important 
a» tilt initial design, and it is well to have a ehureh officer 
wl» t.' i kv'i:. his constant alleii'tioii, and who will be at 

the eoiitrol !i'i ard service. 

A pr^lier oug tit to s^ak qu-ktly in front of t.hc micro- 
ptoie and delibeialely suiMtitute the so'iuid of the loud- 
s|M"aki“rs for his own voice. 

'|]hf #«#■ froai mn. aeoitslic point ■ of vkw are well plami 
when they are ia lie .main cfcll of the ehureh .and under t,li€ 
same ceiling as choir and eongrepttion. This is specially 
.t»p0fta»l M they are to lead eon^gre^gationnl singing. Thus 
riei'tter .a i«'p tM.aiep't nor a hay of the choir aisle arc giMxl 
p«»llki»s. Tie fecit petition, in mj opi.n.iois, .is a W'ttfc gallery. 
A shallow tfansept formed l>y carrying up a bay, of the ii.aA"e 
aisle tiie full height of the ehureli gives a good |»sltioii 
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mL l^rivate rMpels for prayer are- essential ; and tlie 
id»le embodied in a noble ^gro-up of buildings. 

la addition, the poreb which is not consecrated could 
0|iciied otti so as to btmme more the early Christian atiiiim 
or of^n-air a.iiditoriiiiii in\dtinf ont of the street. 

In the alrinin, loudspeakers on S'ua^i.iy morning could give 
tlie lesscms and ,p»pe.ls ; and a well-designed loudspeaker 

. ^ ^ H t l«ii 
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